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ABSTRACT 
 
 
 The impact of human activity on ecosystems is an issue at the forefront of global concern. 
Marine ecosystems are a particular concern, given their importance for human sustenance. 
Through the removal of species that are highly susceptible to the effects of overfishing, global 
fisheries have been driven to near collapse in recent decades. The long-term effects of such 
practices has resulted in declines in mean trophic level of aggregate fish catches over time, as 
well as decreasing diversity of species available for regular harvest (Jackson et al. 2001; Pauly et 
al. 1998). These supposedly “modern” problems have been recently identified in archaeological 
contexts, and attest to the extent of anthropogenic ecosystem alteration that has occurred since 
humans first began intensively exploiting marine ecosystems (Erlandson and Rick 2010; 
Quitmyer and Reitz 2006; Reitz 2004; Wing and Wing 2001). Here, I evaluate the degree of 
change in mean trophic level, diversity, and equitability of midden deposits at Crystal River and 
Roberts Island, two roughly contemporaneous Middle-to-Late Woodland Period (AD 1to 1000) 
mound complexes located on the west-central Florida Gulf Coast. This research identifies the 
extent to which humans altered the characteristics of the estuarine ecosystem surrounding the 
two sites, promotes alternative theoretical perspectives on past human-environment interactions, 
and provides modern ecosystems management agencies with a temporally-expansive data set to 
aid in future ecosystem conservation efforts. 
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CHAPTER 1 
 
 
Introduction 
 
 
 Human interactions with their environments have been a topic of anthropological inquiry 
for nearly a century (Boas 1921; Murphree 1969; Steward 1949; White 1943). However, 
perspectives on the degree to which humans have shaped landscapes have shifted drastically 
since these research problems were initially of concern. Early environmental anthropology 
tended to view the complexity of human social and political relationships as being directly tied to 
favorable environmental conditions. Supposedly, once a certain degree of material efficiency 
was achieved, more components could be added to existing social structures, and associated 
subsistence demands could be met. This approach inherently viewed the human relationship with 
local ecosystems as reactionary. More recently, some archaeologists and other anthropologists 
have rejected these ideas in favor of a more anthropocentric approach, where humans are seen as 
manipulators of local environments (Balee 2013; Balee and Erickson 2002; Crumley 1994; 
Russo 1994; Sassaman 2010).  
 Because hunter-gatherer economies are often viewed as small-scale in relation to their 
agricultural counterparts, hunter-gatherer impacts on surrounding environments have often been 
conceived as negligible and unworthy of archaeological attention (Balee 2013). Although the 
human role in the extinction of Pleistocene megafauna in has been contemplated (Alroy 2001), 
changes to natural ecosystems as a result of Native American activity in North America have not 
been seriously considered until recently. As the complexity of human-environment interactions 
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has been increasingly realized over the last two decades, the effects of past human activity on 
ecosystems have been documented with regularity (Erlandson and Rick 2010; Quitmyer and 
Reitz 2006; Reitz 2004;Wing and Wing 2001).  
 This study focuses directly on these issues, and uses a multi-tiered approach to identify 
the scale at which past human activity altered “natural” ecosystems. Ultimately, the implications 
of this research have the potential to add perspective to this decades-long debate. As the impacts 
of resource overharvesting are now at the forefront of modern concern, information revealed in 
this study helps us add greater temporal depth to understanding the altered state of our 
ecosystems, and allows us to reflect better on contemporary resource collection strategies and 
sustainability.  
 Correspondingly, this research is directed towards the investigation of hunter-gatherer-
fisher societies that occupied specific environments, and maintained relatively long-term and 
intensive economies based on the harvesting of natural resources. Due to the broad temporal 
breadth and high intensity of fishing traditions in North America, studies dedicated to assessing 
past human impacts on ecosystems have focused on coastal areas (Fitzpatrick et al. 2008; 
Kennett et al. 2008; Morales and Rosello 2004; Reitz 2004; Wing and Wing 2001). The general 
increase in coastal occupation and harvesting of coastal resources associated with Woodland-
period (1000 BC-AD 1000) societies along the Florida Gulf Coast, makes sites corresponding to 
this time frame ideal for researching such issues. Thus, Crystal River and Roberts Island, two 
Middle-to-Late Woodland period mound complexes located within an estuarine ecosystem on 
the Florida Gulf, served as ideal testing locations for this type of research.  
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Research Agenda 
 
 Crystal River and Roberts Island are neighboring mound complexes, situated on the west-
central Florida Gulf Coast. Known for its intricate shell landscape and involvement in 
Hopewellian trade networks that expanded into the interior of the United States (Weisman 1995), 
Crystal River has garnered significant fame among southeastern archaeologists. Exotic artifacts 
recovered from burial contexts have further contributed to the site’s lore (Bullen 1951; Moore 
1907; Weisman 1995). It is because of this fascination with Crystal River’s unique artifact 
assemblage that the majority of research at the site has focused on better understanding Crystal 
River’s role in regional ritual interaction spheres. Less is known about the later habitation at 
Roberts Island, but continuity from the earlier Crystal River occupation is apparent.  
 These early research pursuits left many aspects of daily life at the site, including resource 
collection strategies, underappreciated and poorly understood. Only with the recent development 
of the Crystal River Early Village Archaeological Project (CREVAP), have such issues been 
considered. Both Crystal River and Roberts Island contain well-preserved shell middens that 
detail centuries of human-environment interactions in the form of zooarchaeological deposits 
(Thompson and Pluckhahn 2010). Dense shell deposits within these middens neutralize soil 
acidity, fostering preservation of archaeofaunal material that would be otherwise inaccessible for 
research (Balbo et al. 2011). Because these middens allow for detailed chronicling of past 
subsistence activity, their associated excavations were directly targeted for faunal analysis in this 
study.  
 This research agenda was designed to include multiple analyses that dovetail with 
methods previously verified to document human impacts on ecosystems effectively. The work of 
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Daniel Pauly et al. (1998) suggests that declines in mean trophic level of aggregate catches of 
fisheries, colloquially termed “fishing down the food web,” is a direct indication of 
anthropogenic overharvesting. Fishing down the food web occurs when large consumer species 
are removed from an ecosystem at an unsustainable rate. Large, high-trophic-level tertiary 
consumers, due to their low population doubling time, are often unable to recover from intensive 
human predation. This causes increased reliance of fisheries on lower trophic-level primary and 
secondary consumers and invertebrates. Ultimately, this process leads to a decrease in mean 
trophic level of catches through time, and is often an indicator of anthropogenic overharvesting.  
 Previous research also suggests that intensification of harvesting efforts is often 
associated with an increased reliance on fewer, but more reliable species (Butler and Campbell 
2004; Reitz 2014). Thus, it would be expected that diet breadth, measured by diversity and 
equitability, would decrease in accordance with intensification and possibly with resource stress. 
The Shannon Weaver diversity index incorporates both richness (the number of species 
represented) and equitability (the relative abundance of individual species) into an overall 
estimate of the heterogeneity of a zooarchaeological sample. The Sheldon index measures 
equitability. Reitz (2014:716) has suggested that “symptoms of overfishing” include “reduced 
diversity, reduced production of exploitable resources, a decline in mean trophic level, an 
increase in by-catch variability in the abundance of species, anthropogenic habitat modification, 
and regime change.” Although diversity and equitability may change in correspondence with 
resource stress, the connection between these indices and resource stress is not entirely clear. To 
add finer resolution to the complexities of these issues, I use the analysis of mean trophic level to 
evaluate overharvesting, and use the Shannon Weaver diversity index and Sheldon equitability 
index to measure intensification and possible responses to overharvesting over a roughly 800 
5 
year time frame. These three analytical components are the primary methods used to evaluate 
human impacts on the surrounding ecosystem, but traditional zooarchaeological analyses, such 
as minimum number of individuals (MNI), biomass, and number of identified specimens (NISP) 
are also used to evaluate trends of abundance. Temporal associations of midden deposits were 
determined through radiocarbon dating provided through CREVAP. Four discrete occupational 
episodes have been identified at Crystal River, with the latter two being present at Roberts Island 
(Pluckhahn et al. 2015).  
 Declines in mean trophic level as a result of human overharvesting have largely been 
considered a modern phenomenon. However, recent studies have identified declines in mean 
trophic level in both historic (Jackson et al. 2001; Reitz 2004) and prehistoric contexts (Blick 
2007; Morrison and Addison 2009; Quitmyer and Reitz 2006; Wing and Wing 2001). Although 
pre-Columbian fishing efforts may be considered small-scale in relation to the current global 
fishing industry, even low-intensity fishing efforts by humans have caused near extinction events 
of certain species in isolated ecosystems (Pinnegar and Engelhard 2008). This poor 
understanding of pre-Columbian human impacts has contributed more to the shifting baseline 
problem. Shifting baselines occur when generations of scientists continually revise the 
characteristics of what pristine ecosystems should look like based on changes in species 
abundances that have occurred within their own lifetime (Pinnegar and Engelhard 2008). Not 
only do shifting baselines obscure restoration efforts, but also they ignore human impacts that 
have been occurring for millennia in some areas (Erlandson and Rick 2010; Pauly 1995; 
Pinnegar and Engelhard 2008). Thus, archaeological research, including this study, have the 
ability to provide deep temporal perspective on the altered state of specific ecosystems, and can 
aid in contemporary conservation efforts.  
6 
 It is important to note that this study differs slightly from most other research that has 
focused on similar issues. The majority of previous studies have focused on impacts that have 
resulted strictly from the acquisition of marine resources in relation to long-term subsistence 
practices. Because monuments and mounded architecture at Crystal River and Roberts Island 
were primarily constructed of shell, often in short-term cycles in alignment with specific 
ceremonial events, impacts as a result of these events are also considered. This study also 
evaluates the potential for human decision-making in resource management and collection 
strategies, and considers the degree to which landscapes were modified by human agents and 
communities.  
 In Chapter 2, I discuss the environmental setting surrounding Crystal River and Roberts 
Island in detail, along with previous research efforts that occurred in the area. Chapter 3 
highlights the trajectory of anthropological and archaeological theory in relation to human-
environment relationships, and contextualizes the theoretical gaze of this study in relation to this 
trajectory. Chapter 4 discusses methods used in this study, including excavation techniques, 
recovery methods, radiocarbon dating, and zooarchaeological analysis. Chapter 5 details the 
results of this study, and Chapter 6 transitions into discussion and implications for applied 
research. Finally, Chapter 7 contains the conclusion and highlights limitations of this study, 
along with directions for future research.  
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CHAPTER 2 
 
 
Environmental and Cultural Context 
 
 
Environmental Setting 
 
The Crystal River archaeological site is located on the west-central, peninsular Gulf 
Coast in modern Citrus County, approximately 80 km north of Tampa, Florida (Figure 2.1). The 
site is situated within the Crystal River Archaeological State Park, near the eastern end of the 
intersection of the Crystal and Salt Rivers. The majority of Citrus County, including the Crystal 
River Archaeological Site, lies within the geologic unit termed “Terraced Coastal Lowlands” 
(Vernon 1951:19) Along with much of the rest of the peninsular west coast of Florida, Crystal 
River is located on the Pamlico Terrace, which is a widely distributed late Pleistocene sand 
formation (Cooke 1945). Defining characteristics of the Pamlico formation include primarily 
quartz grain sand with variable mineral and clay inclusions manifesting in certain areas. The 
Pamlico shoreline is one of the most recent formations in Citrus County and its shoreline height 
typically lies at around 25 feet (7.6m). Other terraces grouped within Terraced Coastal Lowlands 
and their associated shoreline height in Citrus County include the Coharie formation at 220 feet 
(67m), the Okefenokee at 150 feet (45.7m) and the Wicomico at 100 (30.5 m) feet. While some 
aspects of what have been termed “Tertiary Highlands” (Vernon 1951:19) are present in Citrus 
County, the overwhelming majority of land surrounding Crystal River and the immediate area 
are grouped within Terraced Coastal Lowland formations.  
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Figure 2.1. Location of the Crystal River and Roberts Island Sites. Figure Courtesy of 
Thomas J. Pluckhahn. 
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Geologic History and the Expansion of the Florida Platform 
 
 The geomorphological history of Florida is complex. While many areas of Florida share 
common depositional histories, other parts are unique. The formation of the terrestrial Florida 
platform began during the Miocene, around 24 mya. Sedimentary deposition increased rapidly on 
the existing submerged carbonate platform after the closure of the Suwanee Straits, or “Gulf 
Trough.” The Suwannee Straits acted as a natural barrier, prohibiting the flow of sediments from 
the Appalachian Mountains into the Florida peninsula (Paleontological Research Institution 
2014). Erosion facilitated the closure of the Suwannee Straits during the Miocene and marked a 
period of massive deposition of siliciclastic sediments on the Florida platform. This depositional 
pattern continued until approximately 2.5 mya during the Late Pliocene, when siliciclastic 
deposition was suppressed by the accumulation of carbonate sedimentary deposits (Scott 1997). 
 The aforementioned geologic processes can be viewed as a general trend contributing to 
the formation of the Florida Platform. Distinct lithostratigraphic deposits are typically grouped 
into four areas: the Western Panhandle, the Central Panhandle, the Eastern Panhandle and 
Northern Peninsula, and the Central and Southern Florida Peninsula. The late Miocene was 
characterized by the continued deposition of siliciclastic sediments in the Western Panhandle, 
very little deposition in the Central Panhandle and in the Eastern Panhandle and Northern 
Peninsula, and siliciclastic deposition and a restructuring of phosphate deposits in Central and 
Southern Florida. During the Pliocene, the deposition of siliciclastics continued in the Western 
Panhandle, the entire East Coast of Florida, and in much of the Central and Southern Peninsula. 
The deposition of carbonates and siliciclastics commenced in small pockets of Southwest 
Florida. Minimal deposition of either siliciclastics or carbonate appears to have occurred in areas 
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of the eastern Panhandle and northern peninsula during the Pliocene. Patterns of Pleistocene 
deposition suggest an immense buildup of mixed concentrations of siliciclastic and carbonate 
sediment on the both coasts of the peninsula, coupled with a general lack of deposition in the 
interior of the Central and Northern peninsula and the Florida Panhandle (Scott 1997).  
 The earliest terrestrial deposits in Citrus County are of Eocene limestone. Dense deposits 
of what is termed “Ocala Limestone” underlie much of the local topography. Ocala Limestone is 
characterized by a whitish to cream-color and is highly fossiliferous (United States Geological 
Survey 2014:1). The Eocene Avon Park formation appears in very sparse quantities in some 
portions of Citrus County. Suwanee Limestone deposited during the Oligocene also composes a 
portion of the local underlying geology. Similar to Ocala Limestone, Suwanee deposits are also 
often white to cream-colored and fossiliferous. Common fossil inclusions in both Ocala and 
Suwannee Limestone include foraminifera, echinoids and mollusks (United States Geological 
Survey 2014).  
 The fairly widely distributed Hawthorn Formation was the primary depositional event 
that occurred here during the Miocene, being roughly contemporaneous with the closure of the 
Suwannee Straits and Appalachian sediment deposition on the Florida peninsula. Specifically, 
local Hawthorn depositions are referred to as “Undifferentiated Hawthorn” (United States 
Geological Survey 2014:1). Sediments within this event are light olive-gray and blue-gray in 
unweathered deposits, and are considered reddish-brown in highly weathered deposits. Similar to 
the Hawthorn formation, Plio-Pleistocene formations are also considered to be undifferentiated 
sediments. Plio-Pleistocene sediments are primarily siliciclastic, and categorized as gray to blue-
green in appearance and unfossiliferous.  
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Pleistocene formations in Citrus County include the Coharie, Okefenokee, and Wicomico 
formations. Coharie and Okefenokee formations are considered to consist of “fine to coarse, 
loosely cemented quartz sand” and Wicomico of “fine to medium, poorly cemented to loose, 
marine, quartz sand and sandy clay alluvium” (Vernon 1951:211). Thickness of older Coharie 
and Okefenokee formations are generally estimated to be greater than 40ft (12.2m), while later 
deposits, including Wicomico and Pamlico, are estimated at around 30ft (9.1m). A thickness of 
15 ft (4.6m) is estimated of Pamlico estuarine deposits and 20ft (6.1m) for deltaic deposits in 
Citrus County (Vernon 1951). Holocene depositional events in Citrus County are characterized 
as alluvium from rivers and streams that maintain their current position on the landscape. 
Deposits associated with flood plains from adjacent waterways are typically “gray to black, silty 
and sandy muds” (Vernon 1951:216). Holocene lacustrine ecologies usually are composed of 
“beds of brown, fibrous peat; sandy muck and lenses of saporopel muds” (Vernon 1951:216). 
Pleistocene and Holocene events also mark the formation of much of the beach and dune 
deposits that litter the modern Florida coastline, including Citrus County. The sediments that 
characterize this event are also undifferentiated, being composed primarily of gray, tan, or brown 
siliciclastics, fossiliferous freshwater carbonates and organic sediments (United States 
Geological Survey 2014).  
 
Tracking the Development of the Crystal River Estuarine System: Geological and Ecological 
Considerations  
 
Crystal River, along with the entire Gulf Coast, has undergone drastic changes in 
ecological diversity and biological productivity through time (Allmon et al. 1996). Because this 
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research focuses on changes in marine biomes as being derivative of human action, a thorough 
explanation of natural ecological fluctuations and changes in marine biodiversity that have 
occurred at Crystal River and nearby areas through time will be necessary. Geologically 
speaking, one of the most recent large-scale changes in biodiversity in the eastern Gulf of 
Mexico occurred during the late Pliocene. Specifically, Allmon and colleagues (1996) claim that 
declines in marine ecosystem productivity along the Gulf Coast resulted in decreased 
biodiversity after approximately 5 mya. This process triggered a general decrease in biodiversity 
in the Pleistocene and Holocene when compared with earlier time periods. Allmon and 
colleagues (1996) suggest that the causal agent in the decline was likely the closure of the 
Central American Isthmus (CAI). CAI closure rerouted global currents, which facilitated drastic 
changes in global temperatures and salinity content. This re-routing of warm, Caribbean waters 
into the Gulf of Mexico pushed cool, nutrient-rich water farther beneath the surface and likely 
affected nutrient upwelling in the area, hence causing waters in the Gulf of Mexico to become 
less biologically productive. The time frame in consideration clearly rules humans out as having 
any sort of causal relationship in this ecological transition. Because these changes were natural, 
general decreases in ecological productivity must be considered before a determination of human 
impacts can be made.  
The Crystal River archaeological site itself is situated within a brackish marine estuary 
(Figure 2.2) and forms an integral part one of the most complex ecological and geological 
systems in the state. Intricate and unusual formation processes, including undulating limestone 
deposits, water displacement from freshwater springs, and dense oyster beds, have contributed to 
the development of the Crystal River estuary as a highly dynamic environment. Low wave 
energy and the lack of siliclastic sand and mud that typifies much of the ecology of the Florida 
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Big Bend region have contributed to the formation of some of the richest vegetative areas on the 
Florida coastline (Davis 1997).  
 
Figure 2.2. Location of Crystal River and Roberts Island within Broader Environmental 
Context. Figure Courtesy of the U.S. Fish and Wildlife Service and the National Wetlands 
Inventory. 
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Much of the estuary is characterized by salt marsh habitats that are typical of the Florida 
Big Bend region, which persists from the eastern Florida Panhandle to Tampa Bay (Florida 
Department of Environmental Protection 2010). However, Crystal River also contains mangrove 
habitats, which are often associated with intertidal areas located further south. This combination 
of two communities of intertidal plants is consistent with the location at the transition between 
temperate and subtropical climates, the former associated with cooler temperatures and the latter 
with the warmer temperatures that prevail in the southern portion of the state. This transitional 
ecology is viewed to extend as far north as Cedar Key, Florida (Stevens et al. 2006).  
 Salt marshes are typically located in areas that offer wide tidal ranges and are most 
commonly associated with areas where wave energy is minimal (Montague and Wiegert 1990). 
Florida’s salt marshes are often composed of five species of plants (Florida Department of 
Environmental Protection 2010), with the most common to Crystal River estuaries being the 
black needle rush (Juncus roemerianus) and smooth cord grass (Spartina alterniflora) 
(Montague and Wiegert 1990; Stevens et al. 2006). Smooth cord grass became particularly 
abundant in this area after harsh winters in the 1980s destroyed many subtropical species 
(Stevens et al. 2006). While these plants may delineate the main types of grass present in salt 
marshes, salt marsh ecosystems are often intertwined with smaller abundances of vegetation, 
including other types of grass and, in certain areas, mangroves. Both soil salinity and 
environmental flooding tendencies affect the level of growth and production experienced in 
ecosystems dominated by black needle rush. Black needle rush often thrives in environments that 
experience frequent and steady flooding events, but is not as vulnerable to variability in soil 
salinity as some species associated with salt marsh ecosystems. Elevation, which affects the 
amount of time plants spend immersed in saline-soaked soils, often plays a key role in the 
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presence and absence of certain types of plant marshes and associated biota (Montague and 
Wiegert 1990).  
 Primary productivity is high within salt marsh ecosystems. However, the degree of 
productivity is not uniform across all types of salt marsh and a considerable amount of variation 
has been observed in primary production throughout these types of environments. Florida’s salt 
marshes can often see a difference of nearly 2370 grams of dry mass productivity between 
ecosystems. Different plant species often have different productivity outputs and thus, affect 
overall primary productivity of certain areas across the eastern panhandle and big bend region. 
The presence of dense, floating detritus in these ecosystems provides an important food web base 
for a variety of species (Montague and Wiegert 1990). The consistently low wave energy present 
in virtually all Florida salt marshes allows for the rapid accumulation of dead plant material. Low 
wave energy causes little movement and flow of these detrital deposits out of the salt marsh, 
which provides a plethora of organic material for a wide variety of both transient and resident 
species (Jamie Letendre, personal communication 2014). The combination of dense organic 
deposits, relatively high primary productivity, and the availability of various species of 
microalgae, make salt marshes highly dynamic ecosystems.  
 Salt marshes may be relatively dynamic ecosystems, but frequent fluctuations in salinity, 
water level, temperature, and oxygen concentration can have drastic effects on resident fauna. 
Due to these largely unpredictable and irregular fluctuations, few fishes and shellfish maintain 
permanent biological residency in such areas. These conditions have contributed to the 
development of a relative lack of diversity of permanent consumer species in salt marsh 
ecosystems. However, those species that have managed to thrive in these ecosystems are often 
extremely abundant (Montague and Wiegert 1990). High abundances of certain types shellfish 
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may have allowed the salt marsh to emerge as somewhat predictive exploitative areas for the 
prehistoric occupation at Crystal River.  
 It is important to note that salt marshes are often home to a variety of food webs, 
residence patterns, and feeding habitats and species demographics. Although marine species are 
the primary taxa of interest for this research, an abundance of terrestrial and avian organisms also 
utilize salt marshes. These organisms occupy what is referred to as the “Aerial Habitat” and 
“Grazing Food Chain” (Montague and Wiegert 1990:498). The constituency of these discrete 
habitats and food webs include a variety of insects, larvae, terrestrial gastropods, birds, crabs and 
terrestrial mammals. Yet other discrete habitats and food webs located within salt marshes are 
termed the “Sediment-Water Interface” and “Detritus-Algae Food Chain” (Montague and 
Wiegert 1990:500). These habitats are composed of a variety of invertebrates that provide food 
for a wide array of species. Surface-level sediment and floating organic material provide the 
primary food base for the organisms that occupy such food webs and permanently reside in these 
habitats. Taxa common to these discrete biotic zones and niches include gastropods, polychaetes, 
crustaceans and bivalves (Montague and Wiegert 1990), some of which, such as eastern oyster 
(Crassostrea virginica) and Carolina marsh clam (Polymesoda carolinia), are numerous in 
midden deposits at Crystal River. Healthy quantities of invertebrates within these food webs 
provide direct sources of food to a number of permanent and transient biota. A small, but 
important concentration of organic matter, termed the “Surface Microlayer” (Montague and 
Wiegert 1990:502) provides food for a number protozoans and metazoans. 
 The dense vegetation and underlying root cover present acts as a sanctuary for juvenile 
fish species, which move into other estuarine environments during ontogeny. Salt marshes often 
provide abundant resources for fish species that temporarily move in to exploit resident species 
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and juvenile fishes (Montague and Wiegert 1990). As described in more detail in the chapters 
that follow, the species distribution within refuse deposits located at Crystal River and Roberts 
Island suggest that prehistoric human populations in the area regularly harvested a variety of 
vertebrate and invertebrate species whose primary habitat is the salt marsh (Figure 2.3). 
Examples of such species include the eastern oyster, Carolina marsh clam, various crab species, 
mullet (Mugil cephalus) and a variety of juvenile fishes.  
 
Figure 2.3. View of the Local Salt Marsh Ecosystem Looking Southwest from Mound A. 
 
While not as prevalent as salt marsh, mangroves have also dotted the Crystal River 
landscape and continue to do so. Mangroves are typically considered to require tropical and sub-
tropical climates to survive and maintain populations. Therefore, most mangroves habitats and 
ecosystems are located south of the Big Bend region of the Florida Gulf Coast. Mangroves are 
highly vulnerable to salinity changes, unstable water levels, climate, terrestrial runoff, and wave 
energy. Among other factors, the low wave energy of the southern Big Bend coastline often 
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provides sanctuary for the growth and development of mangroves. However, wide climatic 
variability and the presence of cool winters in this area of the state have often had ill effects on 
the development of mangrove ecosystems. Areas in the state where annual average temperatures 
drop below 66 degrees Fahrenheit are generally believed to delineate an unproductive threshold 
for mangrove growth and maintenance (Odum and McIvor 1990). The relatively cool 
temperatures that often prevail in the Florida Panhandle and certain areas of the northeastern 
Florida coast have created areas largely devoid of mangrove activity. A series of harsh winters 
along the Florida Gulf Coast during the 1980s prompted a relative extinction of mangrove 
ecosystems in many areas, including Cedar Key. Mangrove ecosystems were then replaced as the 
primary intertidal plant by the Salt Marsh. However, a general trend of successive mild winters 
in the region that began in the mid-1990s has led to the expansion of these ecosystems farther 
north into areas such as Crystal River and Cedar Key (Stevens et al. 2006). Similar 
environmental trends in the past would have likely had similar effects on the distribution and 
productivity of mangroves during the prehistoric occupation at Crystal River.  
 Red (Rhizophora mangle), black (Avicennia germinans) and white (Laguncularia 
racemosa) mangroves are the species most commonly found along the Florida coastline, and are 
the primary intertidal plant in many areas along the southern and central peninsular coast 
(Florida Department of Environmental Protection 2012). As is the case with salt marsh 
ecosystems, mangrove primary productivity can vary between discrete ecological settings. 
However, the net primary productivity of mangroves is among the highest of any ecological 
community in the world. In fact, mangroves serve many of the same functions for terrestrial and 
marine biota that are inherent in the salt marsh. Mangrove roots provide protection for juvenile 
fish species and also trap nutrients and detritus to facilitate ecosystem productivity. Decaying 
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mangrove particulate forms a key component of nutrient transmission that disseminate 
throughout local food webs. Marine species that commonly occupy Florida mangrove 
ecosystems include 220 fish species, 24 reptile and amphibians, 18 mammal, 181 bird, and 
copious quantities of macro and micro invertebrates (Odum and McIvor 1990). Both salt marsh 
and mangrove ecosystems are directly linked to ecosystem productivity and were likely integral 
to prehistoric modes of subsistence that surrounded the Crystal River estuary.  
 
Seagrass Productivity and Biodiversity 
 
Seagrass beds in Crystal River are a part of the second-largest seagrass ecosystem in the 
state, which expands from modern Tarpon Springs to St. Marks, Florida (Zieman and Zieman 
1989). Providing structure and protection for juvenile fishes, offering a baseline for grazing 
subsistence niches, and forming integral parts of trophic systems, seagrass beds remain to be one 
of the most productive and important areas that comprise Florida’s marine ecosystems. The 
prevalence and productivity of such ecological communities in Florida are generally driven by 
five main components. One such component is a high daily growth and regeneration rate, in 
association with high net primary productivity. Seagrass beds serve as a direct source of food for 
consumers, but also through the consumption of seagrass material moving though the water 
column, facilitate consumption for a wide range of vertebrate and invertebrate fauna. Seagrasses 
provide habitat for many fishes during ontogeny. Plant roots and leaves of seagrasses slow 
current and erosion, which allows for the accumulation of rapid sediment deposition and 
minimizes the potential for ecosystem vulnerability. The recycling of nutrients and dissemination 
of nitrogen remains a key function of these ecosystems as well (Zieman and Zieman 1989).  
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Considering the spatial extent of seagrass beds along the west-central peninsular Gulf 
Coast the species of grasses present in most areas are surprisingly uniform. While 7 species of 
seagrass exist on the Florida coastline, Thalassia testudinium and Syringodium filiforme are the 
most common in the Florida Big Bend region and at Crystal River. While most seagrass beds are 
remarkably stable, environmental fluctuations and natural disasters can affect the productivity 
and geographic distribution of these underwater ecosystems. The density of seagrass beds is 
often directly correlated with faunal abundance and biodiversity, with dense areas of seagrass 
containing the highest concentration of abundance and biodiversity, and steady declines in both 
are observed in communities that are less densely populated with primary producers (Zieman and 
Zieman 1989). 
 Some distinctions can be made regarding the latitudinal distributions of invertebrate 
species in seagrasses on the West Florida coast. Species located north of Cedar Key mimic 
Carolinian invertebrates, while those farther south exhibit closer similarities to Caribbean West-
Indian species. However, the exact boundaries and extent of these species divisions are not well 
delineated and many seagrass areas along the eastern Gulf, including Crystal River, exhibit both 
Carolinian and Caribbean West-Indian affiliations (Zieman and Zieman 1989). The presence of 
low salinity, high turbidity and water quality fluctuations, all of which are frequently associated 
with storm activity and ecological hardship, can indeed affect the overall health and productivity 
of these ecosystems (Jaime Letendre, personal communication 2014). Past periods of high storm 
activity may have had detrimental effects on seagrass beds and subsequently, may have affected 
their availability for species harvesting during the prehistoric occupation at Crystal River. The 
presence of a wide variety of subsistence items within the archaeofaunal midden assemblage at 
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Crystal River and Roberts Island, suggests that a variety of marine ecosystems, habitats and taxa 
were harvested. 
Because invertebrate zooarchaeology is a primary research interest here, a thorough 
understanding of invertebrate ecology and human harvesting patterns from a multitude of areas 
along the Florida Gulf Coast is paramount. The presence of oysters in both archaeological 
midden assemblages and modern ecosystems has been well documented in virtually all areas of 
the Florida Gulf. Their overwhelming abundance is nearly ubiquitous across the state and seems 
to have composed a significant portion of the Native American diet for millennia. However, in 
other species noted, the Crystal River and Roberts Island archaeofaunal assemblages differ 
markedly from other areas of the Florida Gulf. Ecosystems within, and adjacent to, the Crystal 
River are home to a variety invertebrates whose distribution is purely local, as well as those that 
are more widely distributed. Surveys conducted in the late 1960s suggest that the habitat ranges 
of molluscan species that inhabit the Crystal River area are as follows: 21 species from north of 
the Carolinas to Brazil, 16 species from north of the Carolinas to the Florida Gulf, 29 from the 
Carolinas to the Caribbean, 13 from the Carolinas to the Florida Gulf, 7 found only in the Gulf of 
Mexico, 2 restricted to both coasts of Florida, 14 restricted to the Florida Gulf Coast, 19 from 
Florida to the Caribbean, and 7 have unknown ranges (Lyons et al. 1969). However, as 
mentioned in earlier discussions, the high diversity seen in the area is accounted for by many 
organisms not likely targeted as subsistence items, and observed invertebrate diversity of midden 
samples from Crystal River is generally low.  
Interestingly, despite Crystal River’s hypothesized involvement in the movement of large 
gastropods out of Florida in association with Hopewellian events (Blankenship 2013), little 
evidence of their regular harvest is seen in midden deposits. This trend holds true for 
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contemporaneous sites located farther north along the Big Bend coastline (Harrell 2005; 
Sassaman 2013). Contrarily, both diversity and abundance of large gastropod species found in 
midden deposits is considerably higher in prehistoric settlements located in the Florida 
Panhandle (Harke 2012) and southwestern Florida (deFrance and Walker 2013). This trend has 
also been observed in recent studies focusing on current large gastropod distributions along the 
Gulf Coast (Stephenson et al. 2013). Because this trend holds true in modern gastropod 
populations, it is unlikely that the lack of lightning whelk in Big Bend and Nature Coast midden 
assemblages is a product of selective harvesting by humans. Rather, this distribution is more 
likely related to ecological mechanics. 
 Molluscan species diversity, especially of large gastropods, is positively related to high 
salinity content of ambient water (Lyons et al. 1969; Harrell 2005). High rates of freshwater flow 
in estuaries along the Big Bend and Nature Coast associated with drainage from the 
Withlacoochee and Suwannee Rivers, along with abundant freshwater aquifers and springs near 
Crystal River, contribute to frequent and rapid changes in salinity in these areas, facilitating low 
invertebrate species diversity, and with the exception of crown conch (Melongena corona), a 
lack of abundant large gastropod populations through time. Certain mollusks, particularly those 
of the genus Mercenaria, are essential prey items for lightning whelk, and their geographic 
distribution in the Gulf often co-occurs (Stephenson et al. 2013). I suspect the presence of 
Mercenaria may also co-occur with lightning whelk in midden samples from Crystal River and 
the availability of prey will be considered as a primary constituent shaping the trajectory of 
lightning whelk abundance near the site.  
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A Note on Terrestrial Ecology 
 
Despite the high abundance of marine species in the archaeofaunal assemblage, terrestrial 
fauna also seem to have composed a significant portion of the indigenous diet at Crystal River. 
The most characteristic terrestrial ecosystem located in the immediate area surround the site is 
the Coastal Hydric Hammock. The specific hydric hammock that surrounds the Crystal River 
area extends from the contemporary border between Hernando and Pasco counties and extends 
north toward the Cedar Key area. Coastal hydric hammocks are considered “wetland” forests and 
are unique in their species composition (Williams et al. 2007:255). Due to regular water 
saturation of ambient soils, few plant and tree species permanently occupy hydric hammocks. 
Hydric soils are most commonly composed of sand, loam or muck, and are frequently associated 
with low underlying limestone deposits and mineral deposition from nearby springs.  
Cabbage palm (Sabal palmetto), southern redcedar (Juniperus virginiana var. silicicola), 
various hardwoods, and loblolly pine (Pinus taeda), compose the majority of tree life in such 
environments (Williams et al. 2007:256). The species composition of coastal hammocks may 
vary with soil composition, degree of water saturation, and location to other bordering forests 
and ecosystems. Despite the potential variation in vegetation, fauna that regularly reside in these 
areas include 28 species of reptiles and amphibians, 24 breeding and 23 migratory bird species, 
and various mammals including opossum, raccoon, squirrel, mice, weasel, and deer. Coastal 
hydric hammocks are also important because they provide a unique intermediary ecology 
between estuaries and terrestrial ecosystems located in higher elevations. Therefore, these areas 
would have afforded the prehistoric population living at Crystal River a variety of fauna for 
harvesting purposes (Vince et al. 1989).  
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Yet another type of hammock located near Crystal River is the “Temperate Broad-Leaved 
Evergreen Forest” (Platt and Schwartz 1990:200). This variant of hardwood hammocks typically 
only occurs in sparse quantities and often represents transitional areas located between slopes 
near upland areas. These forests often contain a wide array of plant and animal species, but are 
most commonly categorized as forests with overstories composed of at least 50 percent 
evergreen species. The hardwood hammocks located near Crystal River are considered 
temperate, as tropical hammocks develop further south in the state. Diversity in terrestrial fauna, 
including birds and reptiles generally decreases following a north-south gradient along the 
Florida peninsula (Platt and Schwartz 1990). Given Crystal River’s intermediary location 
between the Florida panhandle and the southern tip of the peninsula, temperate hardwood 
hammocks near the site are likely only minimally affected by the decline in faunal biodiversity. 
Hence, these areas may have also served as prime areas for indigenous subsistence targeting.  
Although somewhat peripheral to the site’s location, Pine Flatwoods and Dry Prairies 
were likely targeted by Native Americans living in the area for subsistence due to the wide array 
of terrestrial fauna that occupy these habitats. The composition of Pine Flatwoods and Dry 
Prairies are nearly identical, with the distinction between the two coming from a lack of tall pine 
coverage in Dry Prairies (Abrahamson and Hartnett 1990). Pine Flatwoods are the most widely 
distributed terrestrial ecosystem in Florida. The most common tree species found in such 
environments are the longleaf pine (Pinus palustris), typical slash pine (Pinus elliottii var. 
elliottii), South Florida slash pine (Pinus elliottii var. densa) and pond pine (Pinus serotina) 
(Abrahamson and Hartnett 1990:105). It should be noted that the proximity of Pine Flatwoods 
and Dry Prairies mentioned above reflect their modern position in relation to the archaeological 
site. The presence of lower sea levels at Crystal River in the past may have shifted the position of 
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these terrestrial ecosystems closer to the site, increasing the harvesting opportunities for 
associated fauna during corresponding climatic episodes. 
Although both species of slash pine are present in areas adjacent to Crystal River, South 
Florida slash pine is more common to the immediate area. Densities of tree species vary widely, 
with high densities being associated with near-complete canopy coverage, and low being 
associated with minimal tree presence, being composed primarily of floor-layer plant species. 
Floor-layer plant species that typify pine flatwoods include saw palmetto (Serenoa repens), 
fetterbush (Lyonia lucida), staggerbush (Lyonia fruticosa), dwarf huckleberry (Gaylussacia 
dumosa), wax myrtle (Myrica cerifera), dwarf live oak (Quercus minima) and tarflower (Befaria 
racemosa) (Abrahamson and Hartnett 1990:105). Floor-layer species structure in such 
ecosystems varies with the character of local historical change and soil composition. Defining 
characteristics of flatwood soils include moderate-to-poor drainage, low nutrient content and 
high acidity. Resident species of flatwood and dry prairie ecosystems possibly targeted for 
subsistence and ceremony include the box turtle (Terrapene carolina), pine woods snake 
(Rhadinaea flavilata) eastern diamondback rattlesnake (Crotalus adamanteus), black racer 
(Coluber constrictor), various species of hawk, owl, vulture and woodpecker, sandhill crane 
(Grus canadensis), several species of rodent, as well as white-tailed deer (Odocoileus 
virginianus), black bear (Ursus americanus), and Florida panther (Felis concolor coryi) 
(Abrahamson and Hartnett 1990:116). 
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The Crystal River Archaeological Site: Mapping the Trajectory of Previous Excavations and 
Recent Fieldwork 
 
The Crystal River site has received considerable attention from both public and 
professional realms. Thought to be the southernmost extent of the Hopewell Interaction sphere, 
this site has been frequented by notable names in Florida archaeology, including C.B. Moore 
(1903; 1907) and Ripley Bullen (1951; 1953; 1966). The presence of large shell mounds, 
middens, burial mounds, non-local burial goods, various exotic materials and artifacts, and what 
some have arguably labeled as stelae, have contributed to Crystal River’s prominence within the 
archaeological community (Greenman 1938; Sears 1962; Weisman 1987).  
Although not the first non-indigenous person to witness the visible prehistoric remains at 
Crystal River, C.B Moore was the first to unearth material culture on a large-scale. Moore’s first 
visit to the site began in 1903. His excavations of the burial mound during this visit would 
forever change the position of Crystal River in archaeological literature and would represent one 
of the earliest attempts to elucidate potential Woodland-period trade affiliations between Florida 
and the US Midwest (Moore 1903). The majority of Moore’s attention during this trip focused on 
the burial mound complex. Excavations here uncovered exotic trade goods placed with human 
burials, such as copper necklaces, some of which may be derivative of sources located hundreds 
of miles into the interior of the United States. Unfortunately, Moore exerted little stratigraphic 
control over excavations within the sand mound, focusing on recovering aesthetically pleasing 
burial goods rather than on controlled excavation that could have better led to discerning intrasite 
cultural process. Moore did not publish extensively on his 1903 excavations, but his detailed 
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illustrations (Figure 2.4) provide fair insight into the early archaeological proceedings at the site 
(Weisman 1995).  
 
Figure 2.4. Early Map of Crystal River by Moore (1903:Figure 16). 
 
 
Moore’s later voyages to the site would come in 1906 and 1917, where he again focused 
on excavating the burial mound complex, only in slightly different areas. These later excavations 
were located in the sand mound and circular embankment adjacent to the main sand mound 
(Weisman 1995). Here, human burials were again revealed, albeit lacking the ornate funerary 
objects Moore had observed during the course of his earliest visit. Excavations in the circular 
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embankment revealed interments containing shell and modified shell artifacts (Moore 1907; 
Weisman 1995). Moore’s lasting impression on the site and greater southeastern archaeology is 
one of contention. The artifact assemblage revealed during his time at Crystal River is 
unquestionably unique. His excavations into human burials at the site would certainly be in 
violation of current law and ethical standards, but also provide a glimpse into Native American 
funerary practice that may have otherwise gone unrecognized. Had these excavations not taken 
place, the depth of Hopewellian connection at Crystal River would certainly be less clear. 
However, Moore’s actions at the site, which in some cases amounted to little more than glorified 
grave-robbing, should not be excused as simple acts of temporally-dependent ignorance, as 
archaeologists at the time were becoming more attuned to better modes of archaeological 
practice (Weisman 1995; Willey and Sabloff 1980). The majority of excavated material from 
Moore’s Crystal River expeditions is now housed at the National Museum of the American 
Indian, located within the Smithsonian Institution.  
One of Moore’s most lasting contributions to southeastern archaeology was his 
identification of goods that had apparent Hopewellian connections. The Hopewell Interaction 
Sphere was a cultural phenomenon that developed during the Middle Woodland Period. 
Characteristics of Hopewellian development include the construction of large, geometric 
earthworks, the production of assorted effigy vessels and ceramics, ornate funerary decoration, 
and the trade and distribution of various exotic artifacts. Raw materials commonly associated 
with this cultural phenomenon include obsidian, shell, mica, copper, galena and marine shell. 
Important to the understanding of Hopewell is that it was not a singular cultural tradition, but 
instead was manifested as a series of periodic ceremonial events, during which exotic items were 
produced and widely disseminated (Carr and Case 2004). Before Moore’s visits to Crystal River, 
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the limits of Hopewellian-related activity were assumed to lie well north of Florida (Abrams 
2009). Based primarily on Moore’s work at Crystal River and other sites, Greenman (1938) 
provided a solid argument for Hopewellian connections in Florida. Greenman (1938) was one of 
the first to suggest that, while the Hopewell Interaction Sphere seems to be a geographically 
broad cultural characteristic, the expression of Hopewellian identity was often specific to each 
region.  
The quality of excavation improved with Ripley Bullen’s (1951) work at the site. Largely 
entrenched within the theoretical and methodological framework of culture history, Bullen 
focused on establishing a ceramic site chronology based on material variability in stratigraphic 
succession (Willey 1949). The culture-historical approach in archaeology sought to establish 
regional typologies of material culture that could serve as transferable and reliable indicators of 
relative chronological sequence at archaeological sites. Although seldom published and poorly 
documented, Bullen’s work represented a positive shift in methodology in comparison with 
Moore’s earlier excavations.  
Brief archaeological undertakings conducted at the site by Hale Smith (1951), at the time 
with Florida State University, alerted Bullen to the research potential available despite Moore’s 
earlier mishandlings. Bullen’s initial visit to the site in 1951 consisted of placing two test units in 
what is referred to as “Midden B” (Pluckhahn et al. 2010; Weisman 1995). Considering that 
Midden B functioned as a large refuse area at the site, Bullen figured it an ideal location to reveal 
a discernable ceramic sequence. Based on his observations of material that been recovered by 
Moore, Bullen posited Crystal River as having more than one discrete period of human 
occupation (Weisman 1995). His 1951 visit indeed revealed the presence of two separate ceramic 
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sequences, with the initial having a Deptford component, and the latest being Weeden Island 
(Weisman 1987).  
Bullen’s most rigorous efforts at the site came with his return in 1960. Here, his attention 
focused on continued excavation of Midden B, as well as Mound G, Mound A, and the main 
burial mound complex. During the course of these excavations, Bullen revealed intact burial 
deposits in areas previously disturbed by Moore. The burial deposits were described to differ 
markedly in stratigraphic and areal extent, providing further evidence of a multi-component 
occupational history at the site (Weisman 1995). His excavations in 1964 continued in many of 
the same areas, but this visit also revealed some intriguing, albeit speculative results. Here, 
Bullen discovered what he labeled “stelae,” which later fostered speculation of potential 
interaction between the inhabitants of prehistoric Crystal River and certain areas of coastal 
Mesoamerica, particularly the Yucatan peninsula and adjacent areas (Bullen 1966:861). 
 One of Bullen’s clearest goals throughout the course of his work at the site was to 
reconstruct areas of the main burial mound complex adversely affected by Moore. Such efforts 
were evident with the placement of a large trench in the aforementioned area, which provided 
insight into the stratigraphic sequence of an area whose material content had promulgated 
archaeological inquiry, but had remained poorly understood. Bullen’s stratigraphic ceramic 
sequence remains a reliable means of relative dating within the site (Weisman 1995). Bullen 
focused some of his efforts on excavation of Midden B, which should serve as an optimal 
location for revealing subsistence traditions at the site. Once again, his efforts in this area were 
centered on identifying ceramic variation, and little attention was given to discerning subsistence 
practices. While the immensely detailed material culture chronologies established by proponents 
of culture history are generally appreciated by the contemporary archaeological community, 
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these detail-laden recordings often commenced at the expense of implementing research designs 
aimed at answering truly anthropological questions (Binford 1962). 
Many events that occurred during the 1960s would significantly alter the trajectory of the 
site. One such event was the establishment of the Crystal River Archaeological State Park and 
the subsequent installment of an on-site museum during the early-to-mid 1960s. Consultation 
between Bullen and several landowners prompted dealings with the state that would eventually 
lay the foundation for creation of the park in 1964. Attempts to conserve features and 
monuments at the site began shortly thereafter. Conservation efforts at the time primarily focused 
on reshaping intrasite architectural features that had been disturbed by prior excavations. 
However, the story of Crystal River during the 1960s was not one entirely of preservation and 
promise, as nearly two-thirds of Mound A, including a ramp flanking its eastern side, was 
destroyed for use as fill for modern construction purposes. Contemporaneous disturbances in this 
same area continued with the construction of a trailer park (Weisman 1995). 
Despite the history of archaeological excavations and published academic literature at the 
site, understandings of cultural process at the site have, until recently, been lacking. Systematic 
excavations at Crystal River didn’t truly begin until the formation of CREVAP, an NSF-funded 
project seeking to investigate the role of cooperation and competition in Woodland Period 
societies of the Southeastern United States, led by principal investigators Drs. Thomas 
Pluckhahn, Brent Weisman and Victor Thompson. 
 Work at Crystal River under CREVAP began with geophysical survey, which sought to 
delineate intrasite spatial configuration and better understand the extent of mound and monument 
topography. One important finding was that the apparent lack of any buried shell in the presumed 
plaza area between Mounds H and G and the Main Burial Complex (Pluckhahn et al. 2010). 
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Such methods of survey also elucidated the nature of Mounds J and K. Because these features 
were not included in Moore’s original maps of the site, they were sometimes assumed to be of 
more recent (not Native American) origin. However, recent geophysical investigations suggest 
an organized structure to these features, lending support to the idea that prehistoric Native 
Americans constructed both mounds. Mound H was composed in distinct layers, each 
corresponding to differences in material composition, but may have been constructed in as little 
as one or two episodes (Norman 2014; Pluckhahn et al. 2010; Thompson and Pluckhahn 2010). 
Mound J has a longer and more complex construction history.  
Another important finding of CREVAP is a better understanding of the areal extent and 
morphological characteristics of Midden B. GPR survey revealed that a general lack of 
organization in associated deposits indicated that it did not adhere to the style of planned 
formation that typifies other social monuments at the site. Geophysical survey of the midden 
facilitated greater stratigraphic and horizontal understanding of deposits than had been seen in 
previous excavations. As a correlate, geophysical survey informed the placement of test units 
and alerted CREVAP researchers that midden deposits near the eastern end of the site, which had 
been disturbed by modern construction, were intact. 
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Figure 2.5. Recent Topographic Map of Crystal River. Figure Courtesy of Thomas J. 
Pluckhahn 
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GeoProbe and hand coring composed a portion of the early stages of CREVAP work at 
Crystal River. While the results of the geophysical survey were unable to reveal discernable 
features related to the remains of a ramp leading to the summit of Mound A, the soil profile of 
Core 1 suggested that this structure indeed existed at the site before modern disturbances 
persisted (Pluckhahn et al. 2010). Results from four other cores and GPR survey (Thompson and 
Pluckhahn 2010) further delineated the impact of these modern disturbances on site formation 
and also revealed that early deposits in Midden B appear to be more discrete in lower levels, 
turning into more “sheet-like” (Pluckhahn et al. 2010:173), dispersed deposits later in the site’s 
history. 
Spanning the years of 2011 to 2013, CREVAP field seasons have provided an enormity 
of data that are still in the process of being fully processed and analyzed. Work by graduate 
students Lori O’Neal, Kassie Kemp, and Rachel Thompson has investigated various aspects of 
cultural process at Crystal River, including tool use and manufacture, ceramics, and 
paleoenvironmental reconstruction. Recent excavations have taken form in the shape of three 1-
x-2-m trenches and a single 1-x-4-m trench, resulting in a total of ten 1-x-1-m units (Figure 2.6). 
Geographic coverage of most areas of Midden B was obtained through these excavations. 
Trenches 1 and 2 were excavated during the course of the 2011 and 2012 field schools 
held through the University of South Florida. Trench 1, located slightly northeast of Mound K, 
was the northernmost and largest (1-x-4-m) trench excavated during CREVAP fieldwork. 
However, half of this trench was discontinued when it encountered a test unit previously 
excavated by Ripley Bullen ; only the westernmost 1-x-2-m portion was excavated through the 
midden. Trench 2 was located northeast of Mound A in the area of the former mobile home park. 
In both Trenches 1 and 2, dense deposits of marine invertebrates, including oyster, Carolina 
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marsh clam, and crown conch, were revealed, along with smaller quantities of lightning whelk, 
hooked mussel, barnacle and small gastropods.  
During the 2011 and 2012 field seasons, fieldwork in the form of shovel tests, surface 
survey and excavation of mounded architecture commenced at nearby Roberts Island. High 
quantities of shell tools, primarily made of crown conch, were collected during the course of 
surface survey and shovel testing at Roberts Island. An excavated trench placed in the side of the 
largest mound on the island revealed that it had a stepped construction, making it one of the most 
unusual in the Southeast.  
Trenches 3 and 4 were both 1x2m in size and were excavated during the 2013 CREVAP 
field season. Trench 3 was located due north of Mound A. Perhaps the most unique findings of 
Trench 3 were intermittent concentrations of modified lightning whelk shell in higher levels. 
Oyster, crown conch, some of which were tools, and clam shell were dense throughout the 
trench, with concentrations of hooked mussel, barnacle, and small marine and terrestrial 
gastropods being recovered in varying, albeit small quantities. The placement of Trench 4 was 
essential in assessing the extent of midden deposits in the eastern portion of the site. Excavations 
here indeed revealed that disturbances to midden integrity were minimal, as deposits were intact 
throughout the stratigraphic sequence of Trench 4. Invertebrate species found in other trenches 
were similar to the assemblage recovered from Trench 4, but concentrations of quahog clam 
(Mercenaria campechiensis) in lower deposits were unique and recovery of lightning whelk was 
more rare here than in other areas. Other notable finds in Trench 4 included several bone pins 
and limestone plummets, along with ceramics, lithics, and shell tools.  
Excavation of Roberts Island and surrounding marsh islands also continued during the 
2013 CREVAP field season. A total of 4 marsh islands previously recorded by Ripley Bullen 
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were revisited in 2013. Surface survey and a single shovel test placed on Site 8CI37, located 
slightly southeast of the largest mound on Roberts Island, revealed an abundance of ceramics, 
varying widely in surface treatment and structural composition. Excavation and survey of site 
8CI36, located just north of 8CI37, revealed an abundance of shell refuse, with little pottery and 
non-subsistence items being found. The sloping nature of the bank that characterizes the site’s 
protrusion from surrounding water, along with associated artifacts, suggests that it is a small 
platform mound. This finding is intriguing considering its placement in relation to the other two 
mounds on the island forms an isosceles triangle and thus, may represent construction with intent 
to commemorate cosmological phenomena. Site 8CI39 was revisited during CREVAP fieldwork 
in 2013, but rising sea level impeded archaeological excavations here. Shovel testing on 8CI576 
revealed lithics, ceramics, shell and historic artifacts. Also, three previously unrecorded 
archaeological sites located just north of the largest mound on Roberts Island were revealed. The 
material assemblage recovered at these newly-recorded sites was similar to that of neighboring 
prehistoric sites, being composed mainly of bone, ceramic, shell and lithics, with the exception 
of some historic artifacts associated with a twentieth-century fish camp being found in the area 
(Duke and O’Neal 2013).  
 The most recent work at the site through CREVAP has come in the form of meticulous 
radiocarbon dating and will be explained in greater detail in coming chapters since it is 
especially pertinent to my research. Samples were taken from all trenches excavated at Crystal 
River, as well as in certain areas of Roberts Island (Pluckhahn et al. 2015). Pluckhahn and 
colleagues (2015) conducted bayesian statistical modeling to establish four occupational 
episodes at the site, significantly expanding upon Bullen’s earlier notions of discrete depositional 
events in midden deposits. Previous radiocarbon dates suggested an initial occupation of Crystal 
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River as early as 350 B.C., with human activity at Roberts Island increasing late. The most recent 
data indicates that habitation commenced around A.D. 150 and ceased around A.D. 950 
(Pluckhahn et al. 2013), encapsulating most of the Middle and Late Woodland Periods.  
Notable work at Crystal River also recently has come through a series of theses and 
dissertations. Graduate students at the University of South Florida have contributed to a greater 
understanding of cultural process at the site. Richard Estabrook (2011) researched various 
aspects surrounding the Crystal River lithic tool assemblage. His findings suggested that the 
prehistoric residents of Crystal River primarily made use of local lithic quarries for the 
procurement of raw materials for stone tools, probably collecting these raw materials in the 
course of day-to-day subsistence activities. Beth Blankenship (2013) tested the idea that Crystal 
River gained prominence in the Hopewell interaction sphere by enacting control over the 
production and dispersion of goods, particularly shell, moving north out of Florida. A general 
lack of material culture associated with a modified shell production industry suggested that, 
while shells and shell objects may have indeed moved north out of Crystal River, the control of 
production of such goods was unlikely (Blankenship 2013). Martin Menz (2012) conducted an 
experimental analysis of the relationship between breakage patterns on crown conch and their 
function as tools. His findings suggested that Type G shell hammers at Roberts Island might 
have been used to process and procure shellfish, shedding light on daily subsistence practice that 
has been generally poorly understood.  
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Chapter 3 
 
 
Theoretical Context 
 
 
Archaeology’s Legacy of Category and its Effect on Perceptions of Indigenous Agency 
 
Subsistence has often been posited as a determining factor in how social relations 
manifest at archaeological sites. A wide array of archaeological evidence suggests that for the 
majority of human history, our relationship with food was that of foraging (Driskell and Walker 
2007). This is particularly true of North America, where agriculture developed only late in select 
areas in prehistory, and was not practiced at all in other areas (Bridges 1989). Despite this, the 
development of agriculture has been a primary focus for archaeologists. 
Many archaeologists have associated the term “social complexity” directly with the 
advent of agricultural traditions (Schurr and Schoeninger 1995:315). Key to the association 
between the two phenomena has been the ideas of task specialization and food surplus (Anderson 
et al. 1995). Ostensibly, as humans in the past were able to acquire subsistence surplus, the 
primary means of which is generally assumed to be agriculture, other individuals living in the 
immediate social group were able to devote time to things not centered on acquiring food. The 
resultant excess of time and food is then often seen as giving rise to an abundance of social 
phenomena. Others suggest that specialization in subsistence procurement was used as a strategy 
to maintain group solidarity and to provide security, both through the immediate calories 
provided by a reliable dietary source, as well as through the capability of larger populations to 
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offer protection from other competing human groups (Childe 1950). Still others suggest that food 
surplus was primarily generated via elite control, with labor specialization not maintained for 
group solidarity, but instead employed by individuals of high-ranking social groups as a means 
to gain power, by creating obligatory demands with other social groups through feasting (Arnold 
1992; Wesson 1999).  
 However, many of these assumptions are fundamentally flawed, and in making them 
archaeologists have obscured the complexities of life in the past. One of the major theoretical 
problems behind the assumption that complex social relations are only associated with 
agriculture, and thus only came late in North American prehistory, is a strict adherence to 
sociocultural evolutionary typologies. The earliest traces of these typologies can be seen with the 
savagery, barbarism and civilization proposed by Morgan and Tylor (Murphree 1969). 
Entrenched in racism and unreflexive in pursuit, these early attempts to generalize distinct 
cultural manifestations as mere variation along a compartmentalized, linear continuum driving 
toward civilization, laid the foundations for the widespread use of constraining typologies that 
still pervade thought and interpretation in archaeology.  
 Although Leslie White later posited his approach as different from that of his 
predecessors, the use of typology and generalization remained paramount within his approach to 
explaining cultural process and social change (White 1943). Terms used by Marshall Sahlins and 
Elman Service (1960; 1975), and maintained by Steward and White, such as band, tribe, 
chiefdom and state may have offered alternative terminology to that proposed by Morgan and 
Tylor, but remained conceptually limited, as primitive connotations remained for all but the last 
category. By ignoring the variation inherent in cultural manifestations of both past and present 
globally, sociocultural evolutionary typologies and their corresponding generalizations assumed 
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that group size, subsistence strategy and social relations all followed one another along 
predictable trajectories (Earle 2002). Key in making these assumptions was the notion of 
environmental determinism and materialism. Here, access to material resources, proficiency in 
subsistence procurement, technological innovation and adaptation to immediate environmental 
resources were seen as determining factors in allowing forward movement along the typological 
continuum (Sassaman 2010).  
 This legacy of material determinism and evolutionary category has continually placed 
emphasis on local environmental conditions in shaping the lives of its human inhabitants. One of 
the key problems with the aforementioned theoretical approach has been with its formulation. 
Linear evolution and technological efficiency are often seen as key determinants in 
contemporary scientific contexts, which certainly provided the context for the development of 
these typologies. Notions of “progress” have been pivotal in how scientific ideologies define 
themselves. Therefore, notions of linear, forward progress and continuity of technological 
advancement through time have clearly permeated the aforementioned theoretical constructs 
(Rose and Abi-Rached 2013; Sassaman 2012). Crucial to Binford’s New Archaeology, of which 
a large portion of contemporary archaeology has been modeled, was the prominence given to 
scientific inquiry and material efficiency (Binford 1962). Although Binford’s (1962) early work 
claimed to be focused equally on social issues that structure culture change, the majority of work 
conducted by Binford and others of a strictly processual agenda generally privileged materialist 
epistemological models (Renfrew 1994; 1998).  
Following the work of Bourdieu (1977) and Giddens (1979), interaction between 
individuals and the distinct social traditions that followed, being recreated by conscious human 
agents, was coming to be seen as a viable mode of cultural transformation. Because these 
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traditions developed as a part of nuanced, historical context, the use of evolutionary typology 
provided little insight. Here, the generalizing assumptions proposed by typology were countered 
with variability in social discourse, which proved critical in highlighting alternative modes of site 
development, and gave rise to many of the critical archaeologies that developed later (Leone 
1987; Overholtzer 2013). 
Historical processualism, a paradigm now popular among archaeologists in the Southeast 
and beyond, sought to replace “evolution” and “behavior” with “history” and “practice” 
(Pauketat 2001:73). Drawing from practice theory, the historical processual movement 
emphasized social discourse and its historical trajectory as being foundational to site 
development. As a correlate, an archaeology of scale became increasingly paramount, with one 
of its core goals becoming the identification of the brief moments in time where the negotiation 
of distinct, and perhaps unique cultural practices and traditions, facilitated culture change 
(Pauketat 2001, 2004). Therefore, the proponents of historical processualism critiqued 
generalized explanations of culture change and proposed that static notions of appropriate 
archaeological methods and data collection must change to accompany this new interest in scale. 
As a result, historical processualism addressed many of the concerns leveled in the earlier post-
processual movement borne out of practice theory, but eventually boasted more empirical case 
studies due to concern with methodological development.  
It should be noted that the above critique of materialism is not meant to connote the idea 
that human interaction with the material environment is not important in shaping cultural 
trajectories; it certainly is. However, it will not be viewed as the only factor shaping such 
phenomena. The polemic that ensues today regarding the role of “natural” or “cultural” 
phenomena in shaping cultural trajectories at archaeological sites does not represent the context 
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of this study. Such dichotomies do not necessarily reflect the way these concepts interact with 
one another, nor how indigenous people conceptualized them in the past. Instead, the human 
landscape at Crystal River, created and managed through processes of indigenous agency and 
environmental processes, discernible via material traces left within, represents the focus of this 
study. Because variants of historical ecology approach human interactions with the environment 
in this mindset, this thesis uses historical ecology as a theoretical cornerstone. The use and 
application of these ideas within an historical ecology framework will be discussed in further 
detail below. 
 
Historical Ecology and Human Landscapes 
 
Although the term “historical ecology” has been used throughout a variety of 
archaeological and other anthropological studies, the goals and theoretical grounding of research 
among practitioners varies widely (Balee and Erickson 2006:2). Historical ecology as an 
organized concept within anthropology began with the work of Carol Crumley and colleagues 
during the early-to-mid 1990s. At the time, climate change and ecosystems management were 
increasingly becoming topics of global concern. After a series of unsuccessful attempts to 
understand ecosystem formation and implement effective restorative policy plagued scientists 
and policymakers, other disciplines, including anthropology, became involved in the effort. 
Because this distinct set of circumstances partially prompted the formation of historical ecology, 
applied outcomes were crafted into its theoretical design more so than most other 
anthropological and archaeological perspectives. Crumley (1994) suggested that a considerable 
portion of the problems surrounding these issues stemmed from the fact that “few efforts have 
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been made to incorporate information either about how humans have altered the environment or 
about how environmental change revised human activity” (Crumley 1994:1). Contributing to the 
problem was the lack of broad, interdisciplinary, and holistic training exhibited by most involved 
in attempting to solve these crises. As Crumley viewed it, anthropology, due to its emphasis on 
holism, could serve as critical to a better understanding of the depth of these problems, and could 
provide practitioners better versed in comprehending the concatenation inherent in human-
environment relationships.  
However, Crumley’s historical ecology was also critical of the dualistic approach to 
nature and culture engrained in contemporary anthropology. Central to this problem within 
anthropology is that early human history is viewed almost solely in terms of environmental 
interaction, where dietary choices, procurement of lithic tool technology, and general expansion 
of the primate niche are given primacy in shaping the human trajectories. In contrast, these 
aspects of environmental awareness and response seem to become less important as the story of 
human becoming moves further toward the idea of humans as being primarily culture-bearing, 
where the environment is something only to be symbolized and manipulated for economic 
exploitation and export. As a correlate of this duality, many paleoanthropologists and 
archaeologists view culture as being peripheral to environmental adaptation, while sociocultural 
anthropologists privilege conscious human action over environmental constraint. In both cases, 
significant portions of the human narrative are ignored. With this increased consideration given 
to understanding the complex interplay between nature and culture that have formed landscapes 
and human trajectories by Crumley (1994), the framework of historical ecology, as well as much 
of the theoretical context of this study, was laid.  
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In the case for contemporary society, culture seems to have prevailed as the determinant 
shaping human-environment interactions. These concepts are largely responsible for the lack of 
use of historical analogs in managing contemporary ecosystems. While some environmental 
monitoring agencies have accrued 80-100 years of data in attempts to establish ecosystem 
baselines (Crumley 1994), in many areas, the presence of intensive human occupation exists on a 
lengthier temporal scale. Technological innovation within the contemporary scientific 
community is certainly privileged as a method of landscape management over the strategies of 
pre-industrialized people. However, continuous ecosystem collapse in the midst of modern 
science illustrates some of the fallacies of such lines of thought.  
Although this approach (Crumley 1994) may have laid the groundwork for the 
development of historical ecology, the anthropological and greater scientific community still had 
to be convinced of its relevance. In the years after its initial formulation, proponents began to 
amass archaeological evidence that better illustrated how environment and humans shape each 
other’s characteristics. Much of this evidence was derived from research focused in South 
America, especially areas surrounding the Amazon. Here, historical ecology is viewed as an 
approach that is interdisciplinary and holistic and “focuses on the historical landscape, a 
multidimensional physical entity that has both spatial and temporal characteristics and has been 
modified by human activity such that human intentions and actions can be inferred, if not read as 
material culture, from it” (Balee and Erickson 2006:1). The perspective is relevant because it was 
borne out of an area where the social complexity of its indigenous population, and as a correlate, 
intentionality in indigenous landscape transformation, was severely underappreciated because of 
entrenched notions of ecological adaptation and sociocultural evolutionary typology (Balee 
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2013). Many researchers in North America have imposed these same misconceptions 
emphasizing constraint on indigenous social complexity as well.  
Before this cohesive reconceptualization of indigenous complexity began, the human 
relationship with the environment in the past was seen as a reactionary one; where humans 
simply responded and adapted to the environmental stressors directly imposed upon them (Balee 
and Erickson 2006; McGovern et al. 2007; Thompson 2013; Wallis and Randall 2014). Further 
contributing to this general dismissal of indigenous landscape transformation was the notion that 
stateless, non-politically integrated people whose landscape was largely devoid of monumental 
architecture, were incapable of impacting environments, regardless if the outcome enhances or 
decreases biodiversity and overall ecosystem health (Balee 1993; 2013).  
However, a variety of case studies have emerged over the last two decades that 
undermine these early assumptions (Balee 1993, 2013; Erickson 2006; Graham 2006; Hastorf 
2006; McGovern et al. 2007). As a result, Native Americans, regardless of hemispheric 
association, are now viewed by some as primary agents of environmental modification, and 
where the landscape has been consistently occupied, it can only be understood through analyzing 
the complex series of interactions between nature and culture that formed it. Human landscapes 
are thus disturbed and re-shaped by conscious human agents, where the natural functioning of an 
environment is not simply adapted to, but manipulated and managed by humans in such a way 
that, in many cases, forever alters its characteristics (Balee and Erickson 2006). Largely drawing 
on these perspectives, Victor Thompson (2013) has outlined an approach that identifies the depth 
of manipulation of environments by small-scale societies in the southeastern United States. This 
perspective has detailed ways in which archaeological data sets can be used to provide more-
informed ecological baselines, while incorporating complex perspectives that identify humans as 
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agents of environmental change within given ecological circumstances. The theoretical context 
employed in this study draws substantially from these approaches. 
 
History and Environment in the Floridian Past 
 
Using this brand of historical ecology, complex perspectives can be brought to the study 
of the pre-Columbian human footprint on the natural environment at Crystal River and Roberts 
Island. Ecology has certainly been given consideration when interpreting cultural process at 
archaeological sites in Florida. However, the environment has oft been used as a sole predictive 
factor, only permitting social complexity to flourish along a linear trajectory after overarching 
environmental conditions were first adapted to (Goggin and Sturtevant 1964; Widmer 1988; 
Marquardt 1992).  
The Calusa of Southwest Florida have long been regarded as anomalous throughout the 
archaeological community, being an example of dense, populous human settlements that 
maintained forms of hegemonic political discourse, housed monumental architecture and 
perpetuated hierarchical social structure, all of which typify notions of what complex society 
entails, without the use of intensive agriculture (Marquardt 1992; Widmer 1988). Although these 
phenomena were acknowledged in Florida, studies in these areas were still largely devoted to the 
notion of social relations being able to thrive due to the favorable environment available to its 
human inhabitants (Widmer 1988; Marquardt 2013).  
Widmer’s work on the Calusa offered an extraordinarily detailed account of past human 
interactions with Southwest Florida ecosystems. Here, subsistence targeting and social 
complexity were conceptualized within optimal foraging theory. Directly related to human 
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behavioral ecology, optimal foraging theory assumes that human choices of faunal exploitation 
are based primarily on models of energetic efficiency and cost-reward relationships between 
energy expenditure and caloric yield. Drawing on principles of biological evolution, such 
arguments assert that the human exploitative pattern of the environment, especially that by 
hunter-gatherers, is one purely of maximizing efficiency, which in turn, enhances the 
evolutionary success of the group. As a correlate of the relationship with evolutionary biology, 
patterns are not seen as something necessarily cultural or social, but as something derivative of 
the ancestral biological evolution of the human species. Optimal foraging theory also emphasizes 
adaptation to environments as being a key factor in evolutionary success (Kennett 2005).  
However, in light of developing theoretical frameworks in Florida, Widmer’s application 
of theory to the pre-Columbian past was not comprehensive. Calusa archaeology would 
eventually become more holistic, as the mechanistic and deterministic assumptions of human 
behavioral ecology were somewhat circumvented with the use of increasingly complex theory. 
The first use of an historical ecology framework in Florida came with the work of Marquardt 
(1992; 1994), who also contributed handily to the initial formation of historical ecology. 
Paramount in Marquardt’s approach was the evaluation of scale. This archaeology of scale 
sought to eliminate the essentialism seen in previous approaches and carefully reconceptualized 
the nature-culture continuum. Here, certain natural and cultural phenomena interact and are 
effective at different scales. These interactions, manifest through the physical expression of 
sociocultural phenomena, are only operative at appropriate scales, which are constructed through 
sociohistorical significance. So, certain aspects of life in the past that structured events and 
characterized meaningful interactions, operate at separate, but archaeologically comprehensible, 
scales. Different scales are often composed of different spatial and temporal components and 
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their careful reconstruction is necessary to understand the effective scale at which aspects of life 
in the past operated. Because effective scale is dependent upon unique sociohistorical 
circumstances, generalizing becomes an ineffective and misleading approach to interpreting the 
archaeological record (Marquardt 1992). Unlike human behavioral ecology, the variant of 
historical ecology asserted that humans and environments shape each other, rather than one 
predominating over the other. This approach also gives more consideration to environmental 
processes in shaping cultural trajectories than do many purely agency-based models, and thus, is 
more comprehensive.  
However, despite the term historical ecology being used by researchers to direct a study 
of human-environment interactions in Florida, this variant of the theoretical construct has 
sometimes favored non-anthropogenic climatic change and ecosystem productivity as the key 
formative aspect of social trajectory (Marquardt 2013; 2014). These perspectives adhered to 
depictions of what complex social relations should entail, including drastic alterations to the 
natural landscape, indicating overtly social features. As a correlate, a focus on large, readily 
apparent social architecture at archaeological sites in Florida has led to a relatively subdued 
understanding of the true indigenous presence, however subtle, on the landscape. Instead, this 
study of Crystal River will incorporate an emphasis on the identification of prehistoric, 
anthropogenic disturbance at a variety of scales, including those that may be obvious through 
large scale faunal collection in monumental architecture, as well as those that are less so, such as 
recently identified anthropogenic islands in Roberts Island’s immediate vicinity. Thompson 
(2013:7) posits that scale in itself is not a valid qualifier for human impact on ecosystems, and 
that small-scale subsistence activity has shown to have “lasting effects on certain ecosystems.” 
This approach is more comprehensive in that it seeks specific human-environment interactions as 
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indicators of altered ecosystems, and does not rely solely on assumptions of settlement size and 
intensity as proxies of past environmental modification.  
The emphasis on evolutionary typology and environmental adaptation shown by many 
archaeologists working throughout Florida led to a focus that has overlooked early hunter-
gatherer societies (Russo 1994). However, the historical processual shift from purely materialist 
and technological explanations for culture change reshaped the possibilities for research on early 
hunter-gatherers in Florida. Particularly through the work of Sassaman (2004, 2010), early 
hunter-gatherers were coming to be viewed as producers of a wide range of sociality, facilitating 
change through the conscious action of human agents, rather than being seen as a people waiting 
for the next technological innovation to remove them from a given set of adaptive circumstances.  
Research over the last decade in Florida suggests that shell rings and mounds at 
archaeological sites are much more expansive than previously thought (Sassaman 2004; Wallis 
and Randall 2014). This reconceptualization of early indigenous social complexity led to the 
identification of construction features previously disregarded, which suggests much of the shell 
landscape in Florida perhaps connotes abundant intentionality and social hierarchy, instead of 
being solely products of refuse deposition. However, while these recent efforts elicit a critical 
reshaping of potentiality in culture change in prehistoric Florida, perspectives that incorporate 
the full breadth of social and environmental phenomena that shaped human trajectories may be 
further developed with the approach outlined in this chapter.  
The theoretical context of this study will not seek to essentialize two theorized extremes, 
but will seek to track the complexities of past human-environment interaction. Many of the 
problems addressed by Crumley (1994) surrounding the formative role of natural and social 
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phenomena are recreated in the current debate that persists in Florida. Through the process of 
recreating polemics in pre-Columbian Florida, much is left to be desired.  
In this study, the effects of culture and environment upon each other are conceived as 
highly dynamic. Environmental interaction need not be conceived as something reactionary. 
Giving salience to either environmental or cultural phenomena in identifying change at 
archaeological sites will not be important to this research, because these interactions are 
conceived as a product of interplay and mutual modification, rather than as a power struggle 
between opposing entities. Because environmental modification is a key aspect of the social 
sphere at most archaeological sites in Florida, landscape features, including shell middens, are 
possibly manipulated by intentional social behavior. However, environmental change affects the 
availability of certain items of social and subsistence significance, which also shapes human 
trajectories. These phenomena are always in constant interaction with each other, and as a 
correlate, the manifestation of human activity in the material record must also be a product of 
these interactions.  
The theoretical context of this study will be one that is anthropocentric; where human 
agency composes the primary constituency of patterns of faunal exploitation, but that gives 
serious consideration to the impact that environmental events have on species availability. As 
interest in prehistoric impacts on ecosystems has grown within the archaeological community 
over the last decade; case studies in many areas are beginning to undermine deterministic 
assumptions (O’Dea et al. 2014; Pluckhahn et al. 2010; Reitz 2014; Rick et al. 2008). Much of 
the consensus among contemporary researchers is becoming one of indigenous management of 
ecosystems through social institutions, where ecosystems are not razed in a purely mechanistic 
fashion to appease supposed needs for energetic efficiency, but are exploited with forethought 
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and intention (Reitz 2014). Because much of the anthropogenic landscape at Crystal River is 
composed of shell monuments likely managed through social institutions, the theoretical 
perspective used in this study will mirror this growing consensus.  
Energetic efficiency may certainly have played a role in the decision-making process as it 
relates to subsistence harvesting at Crystal River. During the course of Crystal River’s 
development as an important prehistoric social center, decisions were likely made for which 
people contemplated a series of choices in faunal harvesting patterns that had to be weighed in 
regards to negotiating the construction of the social landscape, along with the maintenance of its 
human population. It is this interplay of choice and interaction that will be of primary interest 
within this research design.  
 
Applied Historical Ecology: Measuring Indigenous Impacts and Evaluating Stress Indicators 
 
Due to Crystal River’s long history of prehistoric human occupation, significant 
anthropogenic alterations to natural ecosystems may be present, but are currently unknown. 
Although a variety of disciplines have now begun to use historical data in conservation efforts 
across the United States and elsewhere (Groth and Rumrill 2009; Roy et al. 2003; Kirby and 
Miller 2005), few outside of anthropology have focused on prehistoric anthropogenic impacts on 
ecosystems. Because greater temporal scale has often been disregarded in such studies, true pre-
anthropogenic ecosystems baselines are lacking in many areas.  
However, in recent years archaeologists have provided significant case studies attesting 
to the relevance of understanding prehistoric human impacts on ecosystems in making restorative 
efforts (Kennett et al. 2008; Lyman and Cannon 2004; Lyman 1996; Marquardt 1994; O’Dea et 
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al. 2014; Peacock et al. 2012;Rick et al. 2008; Swetnam et al. 1999; Wing and Wing 2001). One 
of the most effective ways of measuring indigenous impacts on ecosystems is through analyzing 
the dynamics of molluscan life history. Life history studies seek to assess the extent of 
evolutionary impact that overharvesting, or general human encroachment in coastal areas, has 
had on certain species, many of which are important in today’s commercial fishing industry. 
Typical evolutionary impacts associated with long-term anthropogenic overharvesting are 
decreases in overall body size, decreases in growth rates, decreased size at sexual maturity and 
changes in sexual demographics and reproduction. Large gastropods are ideal for addressing life 
history impacts because they are abundant in midden contexts from Crystal River and Roberts 
Island, and previous research of modern populations has shown abrupt declines in overall size as 
a result of hand collection by humans over short periods of time (Shalack et al. 2011). The 
primary aspect of change in life history that will be evaluated here will be changes in species 
abundance, overall body size, and reproductive characteristics associated with anthropogenic 
overharvesting.  
Certain species in the Crystal River area were, and are, more susceptible to effects from 
anthropogenic overharvesting than others. Marine and estuarine gastropods that reproduce by 
direct development take a significant amount of time to reach sexual maturity and have relatively 
low rates of population dispersal. Direct developers, defined as “those which brood or produce 
benthic egg capsules with crawl-away juveniles” (Martel and Chia 1991:131), are susceptible to 
anthropogenic population depletion and decreases in overall body size. Because direct 
developers grow at a slower rate than larval stage molluscs, intensive human collection has 
shown to cause a decrease in the average size of isolated populations, and has also contributed to 
lower overall abundances of impacted species (Shalack et al. 2011). Many species recovered 
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from archaeological deposits at Crystal River and Roberts Island, including the widespread 
crown conch, undergo direct development and are more susceptible to the aforementioned 
human impacts on life history than are neighboring bivalve species. Similar impacts on 
molluscan life history in archaeological middens have been observed in California (Rick et al. 
2008) and the Caribbean (O’Dea et al. 2014) and will be evaluated in association with other 
methods to establish a baseline for the estuarine ecosystems surrounding Crystal River.  
  As mentioned in earlier chapters, downward shifts in mean trophic level of harvested 
fish species serve as an indicator of overharvesting and will be the primary target of this study. 
The reasoning for using food web dynamics as an indicator of resource stress is similar to that of 
the life history effects mentioned earlier. High trophic-level consumers are typically large, but 
also take a long time to grow and reproduce (Reitz 2004). Therefore, in many cases, if long-
lived, high trophic-level species are targeted with more frequency than other parts of the food 
web, they are often not allowed sufficient time to replenish. Not only does the depletion of high 
trophic-level consumers affect their availability for human consumption, but also changes the 
dynamics of trophic structure and species diversity, often having drastic effects on estuarine and 
marine ecosystems.  
As I see it, the theoretical gaze of the researcher is extremely important in collecting and 
manipulating data, as well as in interpreting results and possible indigenous landscape 
management strategies within applied ecological and anthropological research. Only when the 
interactions of indigenous people and their landscapes have been conceptualized in the 
comprehensive framework explained here, can the full human footprint on the prehistoric 
landscape, as well as potentiality in modern ecosystems management, be better realized at 
Crystal River. The methods used in this thesis are linked to this theoretical framework in that 
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shifts in mean trophic level, diversity, and equitability potentially reflect human choices to target 
a specific set of resources, and to adjust these practices over time in response to a variety of 
social and environmental circumstances.  
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Chapter 4 
 
 
Methods 
 
 
Outlining Relevant Research  
 
 
Over the last several decades, researchers have studied anthropogenic impacts on 
ecosystems in a variety of ways. Many of these studies have been motivated by the need to 
address modern behavioral and social issues correlated with declines in ecosystem health. These 
issues are derivative of distinct historical trajectories and interactions. Thus, many methods that 
have developed to study modern interactions are unfit in both scale and context to study human 
impacts on prehistoric ecosystems.  
For example, anthropogenic eutrophication---the process of excess nutrients being added 
to waterways via runoff from the modern agroforestry industry---is one of the leading problems 
currently plaguing coastal ecosystems worldwide (Smith et al. 1999; Kirby and Miller 2005). 
Because this problem has been manifest through modern industrial farming and associated 
chemicals, these same problems were likely not encountered in prehistoric Florida. Other modern 
anthropogenic impacts on ecosystems, including those linked with road development 
(Trombulak and Frissell 2000) and boat propeller scars on seagrass beds (Uhrin and Holmquist 
2003), were also not likely issues in Florida’s prehistoric past because their associated cultural 
practices were non-existent.  
However, many problems that Florida ecosystems currently face as a result of human 
action have precedents extending well into prehistory. Florida’s rich prehistoric fishing tradition 
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dates back over 4,000 years (Russo et al. 1992) and recent research suggests that intensive 
shellfish harvesting extends back even further (Saunders and Russo 2011). As environmental 
conditions stabilized during the Middle Archaic and began to mimic those of today (Faught and 
Carter 1998), fishing traditions, shellfish harvesting, and coastal sedentism became more 
prevalent (Russo et al. 1992). Environmental change certainly does not entirely account for this 
increased reliance on coastal resources, but seems to have co-occurred with these phenomena in 
most areas of the Florida Gulf Coast.  
This increase in harvesting of estuarine and marine fauna intensified significantly after 
the Archaic Period (Byrd 1997; Reitz 1982; Walker 2000). These changes were accompanied by 
the construction of complex shell landscapes, including mounded architecture, during the 
Woodland Period (Wallis 2008). Although Florida’s pre-Columbian past was initially conceived 
as one of emulation, where sociocultural traditions were received from the supposed cultural 
heartland of the Southeast located farther inland, recent evidence attests to Florida’s role in 
influencing cultural practices across the region (Wallis and Randall 2014), with Crystal River’s 
involvement in the Hopewell Interaction Sphere being a prime example.  
As sedentism increased during the Woodland, settlements closer to the North American 
interior began to support themselves on horticulture and small-scale agriculture (Fritz 1993; 
Schurr and Redmond 1991). However, with the exception of select areas of the state, Florida’s 
indigenous peoples maintained dense settlements and expansive economies primarily through 
harvesting coastal resources. Not only were coastal resources harvested for subsistence, but 
extensive bodies of research also suggest that certain aquatic fauna, namely shellfish, were 
collected specifically for the construction of monumental architecture (Anderson 2004; Russo 
1994; Sassaman 1993;Sassaman and Randall 2012) and signified participation in extralocal trade 
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networks (Blankenship 2013), thus potentially increasing harvesting pressure on local 
ecosystems.  
The Florida Woodland is ideal both temporally and geographically for assessing early 
human impacts on aquatic ecosystems for a variety of reasons. The increase in harvesting 
intensity hypothesized during the Archaic-Woodland transition suggests this may have been a 
time where resource stress was initially encountered in Florida. As a correlate, this time frame 
should also serve as temporally ideal for assessing early resource management strategies, along 
with its corresponding decision-making process.  
 
Stress Indicators and Attention from the Archaeological Community 
 
 Although human impacts on ecosystems were likely issues in Florida’s prehistory, the 
development of methods to assess the extent of impacts only occurred in light of modern, global 
ecosystem collapse. One of the most effective means of measuring such impacts has come 
through the work of Daniel Pauly and colleagues (1998). Here, the analysis of food web 
dynamics has proven to be a reliable indicator of ecosystem health and anthropogenic resource 
stress. Fish species that occupy high trophic levels are typically large and have been 
continuously targeted by modern fishing industries for their commercial value. While providing 
high caloric and nutritional value per specimen, high-trophic-level species take long periods of 
time to reproduce and reach sexual maturity. Therefore, such species are often more susceptible 
to overfishing than those occupying lower positions of the food web. 
 Specifically, Pauly and colleagues’ (1998) method of assessing the degree of overfishing 
was through analyzing shifts in overall mean trophic level of aggregate catches of species landed 
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by modern fisheries through time. Trophic levels vary from 1 to 5; 1 being reserved for detritus 
and primary producers, levels 2 and 3 for primary and secondary consumers, and 4 and 5 for 
large, carnivorous consumer species (Reitz 2004). Between the 1950s and 1994, steady declines 
in mean trophic levels of annual yields were observed. This strategy is referred to as “fishing 
down the food web” (Pauly et al. 1998:861). In response to stressing species occupying high 
trophic levels, increased reliance of fisheries on invertebrates and rapidly reproducing, low-
trophic-level species led to the observed downward shift. Pauly et al. (1998) suggest that once 
fisheries have begun to target low trophic-level species in response to continuous overharvest, 
humans begin competing with remaining high trophic-level consumers for prey items, hence 
further contributing to the problem.  
 Initially conceived of as strictly applicable to modern phenomena, Pauly’s method of 
measuring change in trophic dynamics has been effectively used by archaeologists in recent 
years. Reitz (2004) documented similar trends in archaeofaunal assemblages recovered from 
Historic-period sites in St. Augustine, Florida. Results indicated that the overfishing of high 
trophic-level consumers and mean trophic level decline was present as early as the eighteenth 
century. Here, increases in shellfish and low trophic-level vertebrate harvesting followed 
declines in mean trophic level of aggregate catches, in successive cycles. As large consumers in 
the food chain were allowed to replenish, they were once again targeted and subsequently, 
stressed. As shown in Table 4.4, larger fish and sharks tend to occupy higher positions in food 
webs than smaller fishes and invertebrates.  
Although Widmer (1988) elicited the possibility of trophic targeting in prehistory, the 
first attempt to address such issues was seen in the work of Wing and Wing (2001). This study 
revealed that declines in mean trophic level of exploited species, decreases in size of high 
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trophic-level species, and a general disappearance of exploited reef fishes all spatially and 
temporally coincided at selected pre-Columbian archaeological sites in the Caribbean. It should 
be noted that the method used for calculating mean trophic level by Wing and Wing was slightly 
transformed in their study, in order to compensate for the differences between data sets of 
modern and archaeological repository. Wing and Wing (2001) suggest the changes may have 
been a result of environmental shifts, but the co-occurrence of these human impacts with 
observed increases in harvesting intensity indicate that the pattern was likely related to human 
activity.  
Further contributing to the understanding of pre-Columbian food-web targeting was a 
study conducted by Quitmyer and Reitz (2006), significant to my research due to its spatial and 
temporal proximity to Crystal River. Declines in mean trophic level were observed between 
Swift-Creek (Woodland) and Savannah (Mississippian) periods at archaeological sites along the 
Georgia Coast. In the years that followed these initial studies, comparable methods have been 
used to successfully document changes in trophic structure in prehistoric Spain (Morales and 
Rosello 2004), California (Rick et al. 2008), Mexico (Kennett et al. 2008), the Bahamas (Blick 
2007), American Samoa (Morrison and Addison 2009), eastern North America (Bourque et al. 
2008), the West Indies (Fitzpatrick et al. 2008; Pestle 2013) and other areas.  
While the use of mean trophic level as a viable method of assessing human impacts has 
now been well established for archaeological contexts, potential non-anthropogenic variables 
accounting for observed changes in the trophic structure may be numerous and are not 
necessarily discernible to the researcher. It is for these reasons that assessing resource stress in 
archaeological contexts should be comparative and holistic, and should incorporate multiple lines 
of evidence (Quitmyer and Reitz 2006), which was the strategy used within this thesis.  
60 
Preliminary analyses suggest that invertebrates, especially bivalves and gastropods, 
compose a significant portion of Midden B at Crystal River. Deposits of these shellfish 
recovered from the midden are assumed to be subsistence items. However, recent research 
suggests that much of the shell landscape at Crystal River, including the midden, was 
intentionally reconfigured at times to maintain certain aspects of community design (Pluckhahn 
et al. 2013; see Pluckhahn and Thompson 2014 for thorough discussion). Because the expansion 
and elaboration of shell monuments were products of intention and design, non-subsistence-
related harvesting efforts were potentially undertaken to amass the quantities of shell necessary 
for construction.  
The acknowledgement of problems with programmatic assumptions underlying the 
nature of shellfish collection at archaeological sites dates back to Claasen (1991). Although 
Widmer (1989) differentiated types of sites based on purpose in shellfish collection, Crystal 
River’s complex formational history implies the likely existence of both subsistence and non-
subsistence related harvesting, some of which may have been systematic, continuous efforts as 
use for food items, with other harvesting events being more episodic to meet construction 
demands. Thus, human impacts on shellfish ecology at Crystal River may have been 
encountered, but the methodological evaluation of such phenomena is undoubtedly complex.  
One of the most effective ways of measuring indigenous impacts on ecosystems is 
through analyzing the dynamics of molluscan life history. Life history studies seek to assess the 
extent of evolutionary impact that general overharvesting, size-selective predation or general 
human encroachment has had on certain species (Johnson 2002). Typical evolutionary impacts 
associated with long-term anthropogenic overharvesting and size selection of mollusks, are 
decreases in overall body size, decreases in growth rates, decreased size at sexual maturity and 
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changes in sexual demographics and reproduction. The primary aspect of change in life history 
that will be evaluated here will be changes in overall body size associated with anthropogenic 
overharvesting.  
Certain species in the Crystal River area are more susceptible to effects from 
anthropogenic overharvesting than others. Marine and estuarine gastropods that undergo direct 
development as a mode of reproduction take a significant amount of time to reach ontogenetic 
maturity and have comparatively low rates of population dispersal (Karl and Hayes 2012). 
Environmentally-mediated population subdivision and isolation often limit the geographic 
expanse of crown conch, hence limiting potential recruitment of replacements and constraining 
the regenerative capabilities of overharvested populations (Karl and Hayes 2012; Keegan et al. 
2003). Because of these characteristics associated with direct development, many estuarine 
gastropods are susceptible to anthropogenic population depletion and decreases in overall body 
size. Many species recovered from archaeological deposits at Crystal River and Roberts Island, 
including crown conch, undergo direct development and are more susceptible to the 
aforementioned human impacts on life history than are neighboring bivalve species (Karl and 
Hayes 2012). Similar impacts on molluscan life history in archaeological shell middens have 
been observed in California (Rick et al. 2008) and the Caribbean (Keegan et al. 2003; O’Dea et 
al. 2014) and will be evaluated in association with other methods to establish a baseline for the 
estuarine ecosystems surrounding Crystal River.  
The use of size decrease, and shifts in diversity and abundance as indicators of shellfish 
overharvesting in archaeological contexts has been challenged most notably by Claasen (1998). 
Claasen asserts that environmental events, location of collection, and harvesting pressure from 
non-human animals have more drastic impacts on size, diversity and general patterns of faunal 
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abundance in archaeological deposits than predation by humans. These are certainly valid 
concerns and merit consideration. However, many of the examples Claasen uses, including 
molluscan predation by waterfowl and other birds, are concerned with bivalves. As mentioned 
earlier, bivalves are not considered in this study for impacts on life history. Instead only large, 
marine gastropods, due to their unique reproductive characteristics, were evaluated. Also, due to 
selective human-specific practices, such as targeted collection for tool use and subsistence, 
evolutionary impacts on certain mollusks may be specific to patterns of human faunal 
exploitation and not to that of other animals. Although co-occurrence and relationships across 
data sets may merely reflect a changing environment, a meticulous evaluation of human activity 
alongside these measurements aids in assuming anthropogenic origin for impacts. Due to the 
high degree of midden resolution recently obtained by Pluckhahn et al. (2015), such 
interrelationships can be more finely evaluated than in many previous studies. 
 
Collection Methods 
 
 All samples analyzed as part of this study were taken from midden deposits excavated 
during the course of three CREVAP field seasons, spanning the years of 2011-2013. Geophysical 
survey identified locations of buried midden deposits and informed the placement of three 1-x-2-
m trenches and a single 1-x-4-m trench at Crystal River. Trenches were divided into 
corresponding 1-x-1-m units, resulting in a total of 10 1-x-1-m units (Figure 4.1). Excavation at 
Roberts Island came in the form of shovel testing, a single 1-x-6- m trench in the northern 
portion of Mound A, and a single 1-x-2-m trench in the presumed watercourt (Figure 4.2). All 
shovel tests were measured 50-by-50-cm square and excavated to a depth of 100 cm, depending 
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on fluctuations of the water table at the time of excavation. All material excavated was recovered 
and recorded in 10-cm arbitrary levels, except in instances of encountering modern, 
anthropogenic disturbance or distinct lenses of cultural material.  
Depth in all excavation units at Crystal River was determined by the extent of cultural 
deposits and depth of the water table at the time of excavation, as well as by the character of 
underlying limestone. The depth of test units typically ranged between 130-160 cm. Coring or 
post-hole excavation commenced in unit floors to determine the possibility of deeper deposits, 
after excavation in full levels ceased due to encountering culturally sterile soil, or impenetrable 
natural stratigraphy.  
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Figure 4.1. Map of Excavation Units at Crystal River.Figure Courtesy of Thomas J. 
Pluckhahn. 
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Figure 4.2. Map of Excavation Units at Roberts Island. Figure Courtesy of Thomas J. 
Pluckhahn. 
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The use of 3.18-mm (1/8-inch) screen for recovery of excavated material in all units and 
shovel tests at Crystal River and Roberts Island served as vital for this study. The use of fine 
screen is especially important for the adequate recovery of small vertebrates (Stahl 1996), which 
composed an important portion of the sample used to discern patterns of trophic level 
exploitation. Studies consistently show that using 6.35-mm (1/4-inch) screen does not permit 
representative recovery of small vertebrates and using 3.2 mm, while still slightly biasing the 
sample, contributes to significantly higher recovery rates of remains from smaller fish and 
mammals (Shaffer and Sanchez 1994; Quitmyer 2004). Comparisons of use of different screen 
sizes from shell middens has shown that approximately 80 percent of fish vertebrae in some 
assemblages are less than 6 mm wide, while 0.25-inch screen is 6.35-mm wide, illustrating 
potential losses associated with coarse-screening methods. These studies have also shown that 
frequency of fish taxa increases exponentially when screens with finer than 6.35-mm mesh are 
used (Quitmyer 2004). While some have sought finer recovery through column samples, these 
have repeatedly shown to be ineffective at capturing spatial and temporal variation in 
archaeofaunal assemblages (Estevez et al. 2001; Quitmyer and Reitz 2006). Quitmyer and Reitz 
(2006:811) add credence to this idea in noting “… such isolated deposits may represent short-
lived phenomena or specialized activities rather than long-term patterns in routine behavior”. In 
contrast, samples used in this study were fine-screened and retrieved from excavations of 
considerable size and wide geographic coverage (Duke et al. 2014). Dry-screening was used for 
deposits in higher levels, or in strata where soil adhesion did not prohibit proper identification of 
cultural material. Mid-to-low levels of units were typically water-screened to remove dark, 
clayey soils from midden material.  
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Due to the high quantities of oyster recovered and minimal available space for curation, 
the majority of whole oyster shells were counted by hand, weighed, and subsequently, discarded 
on-site. However, field samples of oysters were often kept in anticipation of further research. All 
screened deposits were then bagged, appropriately labeled and transported back to the University 
of South Florida. Proveniences typically consisted of a mix of small and large bags. Small bags 
contained varying quantities of artifacts and fauna that were preliminarily identified in the field. 
Large bags consisted of bulk samples of screened, unidentified deposits.  
 
Laboratory Analysis 
 
Sorting and cataloging of excavated material commenced in Dr. Thomas Pluckhahn’s 
Southeastern Archaeology Laboratory, located at the University of South Florida. This process 
was primarily accomplished through work associated with graduate and research assistantships, 
graduate and undergraduate theses, and volunteers. Undergraduate laboratory supervisor Sarah 
Gilleland oversaw the sorting of the majority of material used in this analysis from Roberts 
Island and Unit 1 of Crystal River. Graduate students Joshua Foster and Eric Koenig also 
contributed substantially to the processing of these proveniences. Units 5,7, and 9 were 
processed primarily through the work of myself, and fellow graduate students Lori O’Neal and 
Joshua Foster, through a series of consecutive graduate and research assistantships. Material 
from remaining units has yet to be sorted. Although all excavated material has not been sorted, 
material from Unit 5 from Crystal, along with that from Shovel Tests 6 and 10 from Roberts 
Island, provided this study with data from all temporal contexts at both sites. It should be noted 
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that upper levels of test units at Crystal River were excluded from this analysis due contextual 
disturbance.  
Invertebrate fauna were sorted by taxonomic level and degree of wholeness. Degree of 
wholeness of bivalves was determined by the presence of valves. Whole bivalves were 
determined to be those that exhibited an unfragmented valve or hinge. All other portions of 
bivalves were considered fragments. Whole and fragmented specimens were weighed, counted, 
and recorded separately. The degree of taxonomic classification in invertebrates was based on 
identifiable morphological characteristics and degree of interbreeding between subspecies. For 
example, Quahog Clam was only identified to genus level (Mercenaria), due to frequent 
interbreeding of Southern Quahog (Mercenaria campechiensis) and Hard Clam (Mercenaria 
mercenaria) populations through gonadal neoplasia. Where Mercenaria interbreed, populations 
are often no longer identifiable to the species level (Bert et al. 1993). Family-level classifications 
were often provided for taxa that could not be identified to genus or species. Open nomenclature 
(cf., sp., spp.) was used for tentative identification of taxa. The term cf. was used to connote 
tentative identification of species that were likely present, but due to limited access to 
comparative collections, could not be fully verified. For example, the cf. designation was given 
before Callinectes sapidus because thorough research and meticulous observation suggested 
specimens observed were likely of that species, but comparative collections were not consulted 
to completely verify the identification. The designation spp. was used where genus-level 
identifications were ascertained, but specimens observed may be of multiple species. The 
designation sp. was used where only one specimen of the taxon was identified at the genus-level, 
but exact species was unknown, or unable to be properly identified. Open nomenclature is often 
used where identification can be approximated, but may be subject to change with future 
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research (Compton 2014). Bivalves commonly recovered include Eastern Oyster, Carolina 
Marsh Clam, Quahog Clam, Hooked Mussel (Ischadium recurvum) and False Zebra Mussel 
(Mytilopsis leucophaeata). Scallops (Argopecten irradians) were recovered in small quantities.  
 It is worth noting that this study differs substantially from other studies in the Southeast 
with regard to identification of mollusks, particularly small gastropods. Previous studies have 
tended to group small gastropods into some variation of the “unidentified (UID)” or 
“indeterminate mollusk” categories during the sorting process (Duke et al. 2014). While it is 
unlikely that small mollusks were targeted as food items, growing bodies of research suggest that 
these taxa serve as reliable indicators of human activity, seasonality, and environmental change 
(Cannarozzi and Kowalewski 2014; Jones et al. 2005; Mannino et al 2003). Bearing these 
observations in mind, small gastropods were finely sorted and identified to taxon where possible. 
Small gastropods were also sorted into “whole” and “fragment” categories. For small 
gastropods, the term “whole” was reserved for specimens that were either unfragmented or 
exhibited unfragmented apices. All other small gastropod material was grouped into the 
“fragment” category. Whole and fragmented specimens were also weighed, counted and 
recorded separately. Small gastropod species commonly recovered included Caribbean 
melampus (Melampus molinus), several varieties of cerith (Cerithiidae), Flatcoil (Polygyra spp.), 
Slipper shell (Crepidula), Tampa Oyster Drill (Urosalpinx tampaensis) and Common Marginella 
(Prunum apicinum). Less common small gastropods recovered included Globular Drop (Olygyra 
orbiculata.), Olive Nerite (Neritina reclivata), Rosy Wolf Snail (Euglandina rosea), Cancellate 
Risso (Rissoina cancellata), with small quantities of other species being interspersed at varying 
densities between strata. See Table 4.2 for a complete species list.  
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Large gastropods were more finely sorted than other invertebrates. Florida crown conch 
and lightning whelk constituted the “large gastropod” category in this study. Large gastropods 
were sorted into eleven separate categories, based on degree of fragmentation. The term “whole” 
was reserved for specimens exhibiting minimal evidence of fragmentation on any portion of the 
shell. Specimens considered “mostly whole” were nearly complete, with only slight 
fragmentation of the apex or body whorl being present. Other categories included cross section 
spire, columella and body whorl (spire removed), spire and columella (body whorl removed), 
spire fragment, spire/body (connected) fragment, columella and body whorl (spire removed), 
body whorl frag, columella fragment, and UID (unidentified) fragment.  
 The sorting process pertaining to shellfish was directly linked to anticipating applicability 
for use of certain methods of quantifying taxonomic abundance. MNI (minimum number of 
individuals) and NISP (number of identified specimens) are the most commonly used measures 
for counting shellfish remains. MNI can be defined as “the smallest number of individuals that is 
necessary to account for all of the skeletal elements of a particular species found in a site” 
(Shotwell 1955:330). Obtaining MNI typically consists of tallying all skeletal elements, or a 
specific element or set of elements, of a taxon, summing the total of all identifiable skeletal 
elements, and using the most abundant element as an indicator of species abundance. The use 
and assessment of MNI differs significantly between vertebrate and invertebrate components of 
archaeological assemblages. Invertebrates typically have fewer identifiable skeletal elements 
than do vertebrates, and thus, calculating MNI for the former is often relatively less complex 
than the latter (Giovas 2009).  
Here, identifying NRE’s (non-recurring elements) proved pivotal for obtaining 
invertebrate MNI. NRE, defined as “any hard shell skeletal element (or portion thereof) that is 
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diagnostic of a single species or genus and can only be counted a limited and set number of times 
for one individual to have been present” (Mason et al. 1998: 307), has increasingly been used to 
calculate MNI (Giovas 2009). The most easily identifiable and well-preserved portion of a 
bivalve is the valve, with each live specimen containing two valves. Due to the large size and 
density of valves in comparison with other areas of bivalve shells, density-mediated attrition is 
often less problematic in assuming MNI using valves, which was the premise behind using them 
as MNI indicators in this study. All right and left valves were counted and totaled for each 
provenience. Because each live shell contains two valves, total valve counts were then divided in 
half to obtain MNI. MNI was not estimated for Hooked Mussel or barnacle due to heavy 
fragmentation.  
 MNI counts for gastropods were based on degree of fragmentation and identification of 
NRE. Only whole specimens were taken into account for small gastropod MNI. Each whole 
specimen was given an MNI of one. As was the general sorting process, MNI calculation for 
large gastropods was more detailed than that for smaller species. Large gastropods were subject 
to finer categorization in this study due to their likelihood as use for food items and tools. MNI 
for large gastropods was obtained by identifying and counting several different anatomical 
features and elements of the shell. The calculation of MNI here, using NRE, did not rely on 
counting individual elements to account for one individual, but rather was dependent upon the 
identification of non-recurring shell features that exhibited completeness to a degree that did not 
permit recurring identification of that element in an individual. Therefore, the premises of MNI 
estimation of large gastropods was based on either the presence of a complete individual, or an 
unfragmented apex, counted once, which was complete enough that it could not be counted a 
second time, per individual. This method of MNI calculation precluded the use of some shell 
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remains entirely. Only “whole” and “mostly whole” individuals, based exhibiting minimal apical 
fragmentation, were used for MNI estimates. MNI for vertebrates was also based on the 
identification of skeletal elements. MNI calculation for vertebrates relied on element portion, 
symmetry, size, and age (Brown and Reitz 2015; Compton 2014).  
 NISP---simply the frequency of all elements of a taxon recovered in a given assemblage--
-was also used to assess taxonomic abundance. To obtain NISP, all invertebrate fragments, 
regardless of degree of fragmentation, along with whole specimens, were each counted once. 
Due to the massive quantity of oyster shell recovered from all contexts, counting all oyster 
fragments would have been a nearly insurmountable task given available time and labor. As a 
result, all oyster fragments were not counted, so oyster NISP is only represented by valves. Thus, 
weight and biomass more accurately represent the actual presence of oyster relative to NISP. 
Because of issues associated with differential fragmentation, site formation processes, 
taphonomy and skeletal attrition, size differences among individual fragments, and other 
potentially obscuring factors, archaeologists often use NISP cautiously. However, when dividing 
specimen weight of a taxon by its corresponding NISP, an average weight per fragment can be 
obtained, providing a method of evaluating differential preservation and taphonomic processes 
(Reitz and Wing 2008). NISP for vertebrates was achieved by counting “cross-mending 
specimens” (Brown and Reitz 2015:5). Unidentified vertebrate fragments did not contribute to 
NISP. To enhance accuracy of interpretation, MNI and NISP were used as complementary 
analytical tools. Problems and biases associated with using each aforementioned method of 
quantification will be explained in further detail below.  
 Invertebrate specimen weight was used for biomass calculations in this study. Definitions 
of biomass differ considerably, due to differences in research goals between disciplines and 
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researchers. The use of the term by zooarchaeologists has primarily aimed to delineate meat 
weight contributions of taxa as a product of reconstructing dietary significance. By itself, 
specimen weight does not provide an accurate depiction of dietary contribution for each taxon, 
but can circumvent shortcomings of MNI and NISP (Reitz and Wing 2008). Meat weight 
estimation based on archaeofaunal remains began with the work of White (1953). Later, other 
methods of predicting meat weight developed, including the Weight Method (Weigemethode), 
and Ziegler’s (1973) method. Problems and biases associated with these methods have been 
discussed elsewhere (Casteel 1978; Reitz et al. 1987; Reitz and Wing 2008). The primary 
criticisms leveled at these methods have been with regard to reliance on fixed percentages of 
supposed skeletal/meat weight ratios and uncritical extrapolations of what percentage of an 
individual was used by humans in the past for consumption. Perceptions of what is “edible” and 
“useable” are clearly filtered through modern food preferences and do not uniformly reflect true 
exploitative patterns (Reitz and Wing 2008).  
In response to these methodological shortcomings, Reitz et al. (1987) proposed using 
allometric scaling relationships to better reflect taxonomic biomass contributions to 
archaeofaunal assemblages. Relationships between growth and body mass increase are not linear, 
as other methods assume, but are instead, allometric. Increases in body mass and skeletal 
elements are present, but are disproportionate. However, due to allometric scaling relationships, 
some skeletal elements serve as reliable predictors of overall body size. Because allometry 
reflects the actual disproportionate relationship between element and body mass, 
zooarchaeologists often perceive this method as more accurate than those that rely on fixed 
percentages and averaging. Biomass extrapolations are based on observations between the size of 
the given element and observed body mass of modern specimens. Using linear regression 
74 
analysis, the scaling relationship between variables is then discerned by the slope of the 
regression line. Distinct skeletal elements, such as fish atlas vertebrae, are commonly used to 
reconstruct biomass for vertebrates, but sound allometric relationships have been proven to exist 
between shell weight and meat weight for invertebrates. The allometric formula used to calculate 
both vertebrate (Brown and Reitz 2015; Compton 2014) and invertebrate biomass in this study 
was Y=aXb, where Y represents biomass of a taxon, a (log a) represents the y-intercept of the 
regression line, X represents the measurement variable (skeletal weight for vertebrates and shell 
weight for invertebrates) and b represents the slope of the regression line (Brown and Reitz 
2015; Compton 2014). The goodness of fit of data to the regression line is measured by the 
coefficient of determination and is displayed as r2  values (Reitz et al. 1987; Reitz and Wing 
2008). Coefficients of determination are based on a 0-1 scale, with 1 representing a perfect fit to 
the regression line.  
All values associated with slope of the regression line, y-intercept, and coefficient of 
determination for invertebrates used in this study were derived from Reitz et al. (1987), Reitz 
and Quitmyer (1988), and Reitz and Wing (2008) and are displayed in Table 4.1. The taxon-
specific formulae used to calculate vertebrate biomass follow the work of Pavao-Zuckerman 
(2001) and Reitz and Wing (2008) for the Crystal River sample (Brown and Reitz 2015), and 
that of Keck (1999), Quitmyer (1985), Reitz and Quitmyer (1988), Reitz et al. (1987), Reitz and 
Wing (2008), and Smith (1996) for the Roberts Island sample (Compton 2014). The high density 
and overall weight of molluscan skeletal elements in comparison with vertebrates, suggests that 
combining shell weight in biomass estimates may over-represent the dietary contribution of 
shellfish (Reitz et al. 1987; Quitmyer and Reitz 2006; Reitz and Wing 2008). Thus, biomass 
estimates for invertebrates are of meat weight only. Biomass estimates of vertebrates used in this 
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study were based on allometric scaling relationships that assume only certain parts of the animal 
were used for consumption (Brown and Reitz 2015; Compton 2014).  
Table 4.1. Formulae Used for Invertebrate Biomass Calculations. 
 
 
 
 
 
 
 
 
 
Biomass estimates of each taxon were used to calculate mean trophic level. The formula 
used to obtain mean trophic level was developed by Pauly et al. (1998), and modified by Reitz 
(2004). The formula is expressed as: 
TLi = Σ (TLij)(Biomassij)/(Σ Biomassi) 
The mean trophic level for a time period (phase), (TLi) was calculated by summing the product 
of the trophic level for each taxon (TLij) and biomass of that taxon (Biomassij) for a given time 
period, and then dividing this result by the summed biomass of all combined taxa for that time 
period (Σ Biomassi). The time period variable (TLi ) used in the above formula was designated by 
statistical modeling of archaeological deposits into phases, the process of which will be 
described in greater detail later. Due to potential biases associated with the use of both biomass 
and MNI (Carla Hadden, personal communication 2015), both methods of quantification were 
Scientific Name Common Name N Y-intercept (a) Slope (b) R2 
Crustacea Crustaceans     
cf. Callinectes sapidus Probable Blue Crab 11 0.99 0.82 0.58 
Bivalvia Bivalves     
Crassostrea virginica Eastern Oyster 100 -0.77 0.97 0.97 
Polymesoda caroliniana Marsh Clam 40 0.01 0.83 0.85 
Mercenaria spp. Quahog 30 -0.51 0.86 0.96 
Bivalvia General Bivalve 80 0.018 0.68 0.83 
Gastropoda Gastropods     
Melongena corona Crown Conch 100 -0.43 0.88 0.79 
Busycon contrarium Lightning Whelk 100 -0.75 1.14 0.91 
Neverita duplicate Shark Eye 16 0.38 0.55 0.81 
Littorina irrorata Marsh Periwinkle 62 -0.34 0.94 0.97 
Fasciolaria sp. Tulip Snail 26 0.11 1.00 0.94 
Naticidae Moon Snail 16 0.38 0.55 0.81 
Gastropoda General Gastropod 135 -0.16 0.92 0.89 
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used to calculate mean trophic level for a given time period in this study. MNI was simply 
replaced in the above formula to estimate the corresponding mean trophic level. As a result, only 
taxa that were included in both MNI and biomass estimates were used in this analysis.  
 Because mean trophic level estimates require the inclusion of both invertebrate and 
vertebrate taxa, the calculation of abundance, mean trophic level, diversity, and equitability was 
based only on proveniences that contained data for both vertebrates and invertebrates . Due to a 
lack of available vertebrate data from Trenches 1, 3, and 4, only Unit 5 from Crystal River, and a 
series of shovel tests from Roberts Island were used in analyses that combined invertebrate and 
vertebrate data. Although these data provided this study with samples from all temporal contexts 
at both sites, variation in sample sizes between phases suggests that inferences made through 
comparison of individual phases may not be representative of harvesting patterns across time and 
space. Thus, comparison of comparable samples sizes was achieved through the combination of 
phases into Crystal River (Phase 1 and 2) and Roberts Island (Phase 3 and 4) aggregate temporal 
associations. Analyses by phase are also presented alongside aggregate (site-level) data, but 
additional contexts are needed to make accurate inferences between individual phases.  
 Trophic levels of taxa (Table 4.2) were derived from a variety of sources. Invertebrate 
trophic level placement was primarily based on research by Christian and Luczkovich (1999), 
but some modifications to these estimates were made based on feeding characteristics and recent 
research. All suspension-feeding mollusks and non-predatory gastropods were given a trophic 
level of 2.1. Although previous research has typically allotted all mollusks a static trophic level 
of 2.1, significant differences in feeding patterns exist between predatory gastropods and 
suspension-feeders. Thus, predatory gastropods were given a trophic level placement of 2.5, 
based on research by Christian and Luczkovich (1999) and Hadden (2014). Trophic levels of 
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vertebrates were derived from fishbase.org, as well as from research by Quitmyer and Reitz 
(2006) and Hadden (2014). Trophic levels for broader taxonomic categories, such as a genus or 
family, were estimated by averaging the trophic levels of all known species of the broader 
category whose known range extends into the Crystal River area. Taxa that were not finely 
identified, did not have reliable trophic level estimates, or that were likely too small (mostly 
small mollusks) to have contributed to past subsistence practices were not included in this 
analysis.  
 Invertebrate faunal analysis was completed at the University of South Florida.  Thomas 
J. Pluckhahn and I obtained MNI and NISP estimates. I calculated all biomass estimates for 
invertebrate taxa. All vertebrate faunal data used for mean trophic level analysis from Crystal 
River were provided through the work of Elizabeth J. Reitz and Kelly B. Brown (2015) and all 
vertebrate faunal data used from Roberts Island were derived from the work of J. Matthew 
Compton (2014).  
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Table 4.2. List of Species and Corresponding Trophic Levels. 
 
Scientific Name Common Name  Trophic 
Level 
Invertebrata Invertebrates  
Crustacea Crustaceans  
cf. Callinectes sapidus Probable Blue Crab 2.6 
Bivalvia Bivalves  
Crassostrea virginica Eastern Oyster 2.1 
Polymesoda caroliniana Carolina Marsh Clam 2.1 
Mercenaria spp. Hard Clam 2.1 
Ischadium recurvum Hooked Mussel 2.1 
Mytilopsis leucophaeata False Zebra Mussel 2.1 
Argopecten irradians Bay Scallop 2.1 
Gastropoda Gastropods  
Melongena corona Florida Crown Conch 2.5 
Busycon contrarium Lightning Whelk 2.5 
Crepidula spp. Slipper Shell 2.1 
Melampus monile Caribbean Melampus 2.1 
Euglandina rosea Rosy Wolf Snail 2.1 
Neritina reclivata Olive Nerite 2.1 
Olygyra orbiculata Globular Drop 2.1 
Neverita duplicate Shark Eye 2.5 
Olivella spp.  Dwarf Olives 2.1 
Prunum apicinum Common Marginella 2.1 
Vertebrata Vertebrates  
Chondrichthyes Cartilaginous Fishes  
Lamniformes  Mackerel Sharks 4.5 
Carcharhinidae Requiem Sharks 4.0 
Galeocerdo cuvier Tiger Shark 4.5 
Rajidae  Skates 3.5 
Dasyatidae Whiptail Stingrays 3.5 
Rhinoptera bonasus Cownose Ray 3.2 
Actinopterygii Ray-finned Fishes  
Lepisosteus spp. Slender Gars 4.2 
Lepisosteus osseus Longnose Gar 4.2 
Amia calva Bowfin 3.8 
Elops saurus Ladyfish 4.0 
Clupeidae  Herrings  2.6 
Notemigonus crysoleucus Golden Shiner 2.7 
Ictalurus punctatus Channel Catfish 4.2 
Ariidae Sea Catfishes 3.2 
Ariopsis felis Hardhead Catfish 3.2 
Bagre marinus Gafftopsail Catfish 3.5 
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Table 4.2. (Continued) 
 
Scientific Name Common Name Trophic 
Level 
Ameiurus sp. Bullheads 3.3 
Ameiurus catus White Catfish 3.2 
Opsanus tau Toadfish 3.8 
Mugil spp. Mullet 2.1 
Centropristis sp. Sea Bass 3.9 
Centrarchidae Sunfishes 3.2 
Lepomis spp.  Eared Sunfishes 3.2 
Micropterus salmoides Largemouth Bass 3.8 
Pomatomus saltatrix Bluefish 4.5 
Carangidae Jacks 3.3 
Caranx hippos Crevalle Jack 3.6 
Lutjanus sp. Common Snappers 4.3 
Lutjanuscampechanus Red Snapper 4.3 
cf. Haemulon spp.  Common Grunt 3.8 
Orthopristis chrysoptera Pigfish 3.4 
Archosargus spp. Sheepshead Porgies 3.2 
Archosargus probatocephalus Sheepshead 3.5 
Calamus spp. Porgies 3.7 
Calamus sp. White-bone Porgy 4.2 
Lagodon rhomboides Pinfish 4.4 
Stenotomous caprinus Longspine Porgy 3.4 
Bairdiella chrysoura Silver Perch 3.2 
Cynoscion spp. Seatrouts and Weakfishes 4.0 
Cynoscion nebulosus Spotted Seatrout 4.0 
Leiostomous xanthurus  Spot 3.2 
Pogonias cromis Black Drum 3.9 
Sciaenops ocellatus Red Drum 3.7 
Chaetodipterus faber Atlantic Spadefish 4.5 
Scaridae  Parrotfishes 2.0 
Paralichthys spp. Summer/Southern Flounders 3.5 
Paralichthys lethostigma Southern Flounder 3.5 
Chilomycterus spp. Burrfishes 3.5 
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Invertebrate species diversity was calculated using the Shannon-Weaver (1949) method, 
described as: 
H’ = -Σ (pi) (loge pi) 
First, relative abundance of individuals of each taxon (pi) was achieved by diving MNI for each 
taxon by the overall MNI for each analytical unit being evaluated, which was either for a single 
phase or an entire site. The natural loge of pi was then obtained, and then multiplied by pi . These 
values were then summed and the negative value of the final number was changed to obtain 
diversity estimates (Reitz and Wing 2008).  
Species equitability, sometimes referred to as evenness, for invertebrates was calculated 
using a formula developed by Sheldon (1969), and is described as: 
V’ = H’/loge S 
H’ is the numerical value given for the Shannon-Weaver diversity estimate, and S is the number 
of taxa used to obtain MNI estimates. First, the number of taxa were counted to obtain S and the 
natural loge of this number was calculated. H’ was then divided by loge of S to calculate 
equitability (Reitz and Wing 2008).  
 Only taxa for which MNI and biomass were both estimated were used to calculate 
diversity and equitability, as separate estimates were provided using MNI and biomass. Taxa 
used in diversity and equitability estimates varied slightly from those used in the mean trophic 
level analysis. Because the level of identification (e.g. family, genus or species) was not uniform 
across taxa, portions of some taxonomic categories were not included in diversity and evenness 
estimates. To eliminate potential redundancy, taxa identified to the family-level were only used 
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when specimens attributed to genus or species of that family were not identified. For example, 
although MNI and biomass were estimated separately for Ariidae, Ariopsis felis and Bagre 
marinus, specimens only identified to the family Ariidae were not included because they may not 
represent a taxonomic category that has not already been accounted for by specimens attributed 
to Ariopsis felis and/or Bagre marinus. However, if there were no genera or species attributed to 
the family Ariidae within a given analytical unit, specimens attributed to Ariidae would be 
included because they represent a taxonomic category not accounted for by specimens attributed 
to lower taxonomic levels. This process became particularly salient in the calculation of diversity 
and evenness for Phases 3 and 4 due to the use of parenthetical MNI for vertebrate fauna 
(Compton 2014).  
 The degree to which diversity and equitability can be interpreted by archaeologists is 
often complex, with a multitude of issues potentially affecting fluctuations of these measures 
within a sample (Grayson 1984; Lyman 2008; Reitz and Wing 2008). Quitmyer and Reitz 
(2006:811) suggest that “the richness, diversity, and equitability of zooarchaeological 
assemblages differ as a function of human choice, natural resource characteristics, latitude, 
climate, and seasonal periodicity, among a host of other variables.” This ambiguity is further 
complicated by the fact that zooarchaeological assemblages are products of human collection, 
and often do not reflect actual ecosystem characteristics. Thus, it is often difficult to address the 
true cause of shifts in these measures.  
 The utility of diversity and equitability as indices of resource stress is debatable, as they 
often serve better as proxies of resource intensification (Lyman 2008; Reitz 2014). Diversity and 
equitability truly measure diet breadth, rather than the actual availability of resources within an 
ecosystem at a given point in time. It is generally accepted that when human populations are in 
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need of larger quantities of resources, fewer types of resources become exploited, but at higher 
rates (Lyman 2008). While it can potentially be expected that intensification and increased 
demands on ecosystems may be correlated with resource stress in many circumstances, these 
measures themselves do not directly indicate overharvesting. Therefore, diversity and 
equitability will be interpreted primarily as proxies of harvesting intensity, rather than as direct 
indicators of stress. 
 
Characterizing the Debate Over Quantifying Invertebrate Archaeofauna 
 
Over the last several decades, considerable debate has ensued regarding the applicability 
and accuracy of methods of quantifying taxonomic abundance of shellfish remains in 
archaeological contexts. The primary methodological divide among invertebrate 
zooarchaeologists has been that of counting vs. weighing. Substantial biases are present when 
using either form of quantification. It has been noted that data based on counting serve as more 
reliable indicators of taxonomic abundance than weight estimates that rely on averaging, because 
count-based data are discrete and maintain the same relationship with the data set throughout the 
quantification process. Contrarily, weight-based data are continuous and cannot be reliably 
extrapolated using fixed percentages, especially considering that the relationship between shell 
weight and meat weight varies widely between taxa (Mason et al. 1998:319). Although 
allometric scaling has proven to circumvent problems associated with averaging and biomass 
prediction, some suggest that these data only reliably predict meat weight of individuals, rather 
than of groups of individuals (Waselkov 1987). Considering that shells subject to taphonomic 
processes in archaeological deposits often lose a considerable amount of density over time, 
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extrapolations of meat weight based on shell weight may be subject to further complications, 
especially when estimates are based on observations of live populations and individuals whose 
shell have not been subject to the same rates of attrition and loss of shell density.  
There are also issues associated with the use and interpretation of absolute vs. relative 
abundances of invertebrates. Obtaining relative abundance typically consists of dividing the 
abundance of a taxon, either using weight or count, by the overall total of a given assemblage, 
resulting in a percentage of overall abundance. Many archaeologists practicing in Florida, 
including Karen Walker (1992), have favored the use of MNI and relative abundance to interpret 
archaeofaunal assemblages. However, others question the use of relative frequency, arguing that 
it assumes that all individuals of the assemblage were recovered, a feat that is rarely 
accomplished or even impossible; that highly abundant species have the potential to obscure the 
true relative abundance of other taxa; and that changes in percentages may simply reflect 
changes in sample size (Grayson 1984; Thomas 1985). Absolute abundance, while somewhat 
circumventing the shortcomings of relative abundance, does not in itself identify the constituents 
of change through time and across space (Claasen 1998).  
 It has also been suggested that MNI does not accurately estimate the presence of many 
species, particularly those that lack well-preserved and identifiable NRE’s. This problem was 
directly encountered with hooked mussel in this assemblage. Valves of many species of mussel 
(Mytilidae) do not preserve well in comparison with other bivalves; indicating MNI for such taxa 
potentially drastically underestimates their contributions to the overall assemblage (Glassow 
2000). Claasen (2000:415) asserts, “… there can be no uniform methodological treatments for 
the hundreds of different species collected in the past”. Claasen (1998; 2000) notes that no 
method of quantification can be seen as consistently better than another because species 
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characteristics and taphonomic processes are not uniform across sites and assemblages. Methods 
of quantification of molluscan remains must then serve to complement one another (Glassow 
2000), and researchers must be willing to evaluate the characteristics of the assemblage and 
apply a variety of methods to specific taxa accordingly. Thus, NISP, MNI and biomass were all 
used in this analysis. However, because this thesis mainly focuses on dietary choices, abundance 
estimators that are aimed at extrapolating meat weight, such as biomass, will be given more 
interpretive value than MNI and NISP.  
 
Assessing Size Distributions of Florida Crown Conch 
 
The sample size needed to address possible size decrease of Florida crown conch by 
measuring skeletal dimensions was based on a statistical analysis run on measurements of tools 
recorded by Menz (2012) from Roberts Island. The formula used to calculate necessary sample 
size across phases was: 
N = (σt) / ER 
Here, sample size (N) was obtained by dividing the product of the predicted standard deviation 
(σ) and associated t-value (t), by the predicted error range (ER) at the 90 percent confidence 
interval. The resulting target sample size for each phase was n=80. Bearing this observation in 
mind, a total of 315 specimens were taken from contexts across all phases. Due to limited Phase 
1 midden deposition, measured samples for this interval were few. All Phase 1 specimens 
complete enough to allow accurate measurement of targeted skeletal dimensions were used in 
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this analysis (n=30). Ninety-five specimens were sampled from Phases 2,3, and 4, respectively. 
Specimens were sampled from both Crystal River (n=230) and Roberts Island (n=85) contexts.  
 Width rather than length was used a proxy of overall size due to consistent damage on 
anterior margins of the body whorl associated with tool use. Tools were included in analysis to 
achieve the desired sample size across phases. Width was confirmed as a reliable predictor of 
shell length based on regression analysis of 126 well-preserved shells (see Figure 4.1). All 
specimens used in the regression analysis showed no evidence of tool use. Regression analysis 
revealed a very strong, positive, and highly significant (r=0.88, p=<.0005, y=0.68x-0.47) 
correlation between length and width in assemblages from both sites.  
 
Figure 4.3. Crown Conch Length-Width Regression. 
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The Temporality of Midden Deposits and Phasing Correlations  
 
 All excavated material was screened and recovered, but this analysis only considers well-
dated contexts (Table 4.3). Although a few radiocarbon dates had been obtained prior to the 
formation of CREVAP (Weisman 1995; Pluckhahn et al. 2010), a suite of new radiocarbon dates 
obtained by Pluckhahn et al. (2015) provide considerable resolution of temporality in midden 
deposits at Crystal River and Roberts Island. A total of 41 radiocarbon dates of midden deposits 
were obtained during CREVAP’s excavations at Crystal River and Roberts Island, with 36 
coming from the former location and 5 from the latter. Material used for radiocarbon dating 
included charcoal, oyster shell, and mammal bone. Because water in local estuaries filters 
through limestone substrates, “old carbon” was possibly introduced to shells via the hardwater 
effect (Cherkinsky et al. 2014:808). As a result, a large portion of the shell sample was excluded 
from the overall data set (see Cherkinsky et al. 2014; Pluckhahn et al. 2015 for more detailed 
discussion). With remaining dates, Bayesian statistical modeling conducted through the OxCal 
4.2 program was used to discern discrete occupational episodes at the site; a process also referred 
to as phase modeling. Modeling indicated the presence of four broad depositional phases at 
Crystal River, two of which are present at Roberts Island.  
The recognition of these phases signals an important stride in understanding site 
chronology, but alone is not sufficient to address the full temporal variation associated with 
human activities at the two sites. Here, Pluckhahn and colleagues (2015:21) pay homage to 
Ingold (1993) in noting, “chronology is not temporality”. The term chronology, though widely 
used, does not delineate or describe all considerations of time at archaeological sites. 
Chronology, focused more on general, broad time-scales, often dismisses scalar variation 
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associated with brief, albeit potentially transformative and meaningful events. On the other hand, 
temporality seeks to address more nuanced depositional histories at sites (Ingold 1993). To 
lessen the epistemological gap between these distinct temporal phenomena at Crystal River and 
Roberts Island, stratigraphic histories were understood by analyzing rates of accumulation in 
midden deposits. Rate of accumulation was determined by dividing Total Accumulation by 
Duration of Accumulation. Total Accumulation is defined as the difference in depth between 
samples and Duration of Accumulation as the difference in ages between samples (Pluckhahn et 
al. 2015:29).  
 Beginning between A.D. 125-199 (68 percent probability model), Phase 1 was the first 
chronological episode established using phase modeling. While contexts in midden deposits are 
well-preserved vertically (Figure 4.6), there is considerable spatial and temporal variation in its 
formation. Thus, Midden B is spatially expansive, but temporal associations with strata vary 
widely across the site. Initial midden formation began with Phase 1 deposits located in the 
western portion of the midden. Radiocarbon evidence of Phase 1 occupation was recovered from 
Trenches 1 and 2, and was lacking in Trenches 3 and 4. Phase 1 deposits were not as vertically 
expansive as other phases, but a high accumulation rate suggests these deposits were made 
rapidly (Pluckhahn et al. 2015).  
 Phase 2, roughly encompassing years between A.D. 238-499 (68 percent probability 
model), is the most temporally broad, as well as the most vertically and horizontally expansive 
phase identified in the midden (see Figure 4.6). The Accumulation Rate of Phase 2 is also the 
highest of all phases. Pluckhahn et al. (2015) suggest that the combination of high accumulation 
rate and general increase in depositional expanse possibly signifies the onset of sedentary life at 
Crystal River. Phase 2 deposits were identified in all four trenches excavated at Crystal River, 
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suggesting the foundation for Midden B’s well-defined crescent shape was laid during this time 
frame. Because this observed increase in areal expanse and depositional rapidity in Midden B 
serves as a reliable proxy for increased resource harvesting intensity, Phase 2 serves as critical 
for assessing initial signs of overharvesting impacts. Because of Phase 2’s temporal positioning 
to the lesser harvesting intensity seen in Phase 1, Phase 1 should also provide a glimpse into the 
characteristics of local ecosystems not impacted by human activity.  
 Phase 3 deposition occurred roughly between A.D. 521 and 747 (68 percent probability 
model) and is associated with the initial occupation of Roberts Island (Pluckhahn et al. 2015). 
Phase 3 deposits are present at both Crystal River and Roberts Island, with activity in Midden B 
dwindling in comparison with Phase 2. A lack of evidence of radiocarbon dates for Phase 3 
deposits in Trenches 2 and 4, both placed in eastern portions of the midden, suggests deposits 
became restricted to the western portion of the midden during Phase 3. Recently obtained 
radiocarbon dates from Mound A verify previously obtained dates and add credence to idea of 
Mound A’s construction coming during Phase 3 (Norman 2014). Due to massive quantities of 
shell needed to construct Mound A, harvesting impacts may be associated with its construction. 
Therefore, harvesting impacts may still have been present during Phase 3, despite the co-
occurring decline in deposits in Midden B. The onset of human occupation at Roberts Island 
likely further dispersed refuse deposits external to Midden B. Thus, harvesting of local fisheries 
may have remained intensive during Phase 3, but midden deposits may have been less centrally-
located than during Phase 2.  
 Approximately spanning the years of A.D. 779-982 (68 percent probability model), Phase 
4 represents the final occupational episode in the area, based on a single radiocarbon date from 
both Crystal River and Roberts Island, respectively (Pluckhahn et al. 2015). The radiocarbon 
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date exhibiting Phase 4 occupation from Crystal River suggests continuity in the spatial extent of 
midden activity from Phase 3. This lone radiocarbon date was recovered from Trench 3, located 
due North of Mound A, suggesting deposition became increasingly isolated to western portions 
of the midden after Phase 2. The overall scarcity of Phase 4 deposits at Crystal River further 
indicates a general decrease in occupational intensity at the site. However, the human occupation 
of Roberts Island seems to have intensified during Phase 4. A single radiocarbon date from the 
“buried midden layer” (Pluckhahn et al. 2015:24), along with radiocarbon and OSL dates from 
mounded architecture indicates Phase 4 contemporaneity between these architectural features at 
Roberts Island. These temporal relationships suggest that the buried shell layer, dense shell 
midden located slightly above the buried shell layer, and main mound on Roberts Island were all 
constructed during Phase 4, further suggesting that Phase 4 was the most intensive occupational 
episode at Roberts Island, and that human activity in the area had almost entirely shifted to 
Roberts Island late in the area’s history.  
 
Table 4.3. List of Phase/Strata Correlations in Midden Deposits Analyzed. 
 
Site Phase Probability 
Range 
Modeled 
Start Date 
Modeled End 
Date 
Trench Unit(s) Level(s) 
 
Roberts 
Island 
 
4 
4 
 
68% 
95% 
 
AD 779-867 
AD 723-881 
 
AD 902-982 
AD 891-1060 
 
N/A 
N/A 
 
STP 6 
STP 6 
 
3-8 
3-8 
 
Roberts 
Island 
 
4 
4 
 
68% 
95% 
 
AD 779-867 
AD 723-881 
 
AD 902-982 
AD 891-1060 
 
N/A 
N/A 
 
STP 10 
STP 10 
 
8-9 
8-9 
 
Roberts 
Island 
 
3 
3 
 
68% 
95% 
 
AD 521-605 
AD 478-634 
 
AD 671-747 
AD 663-810 
 
N/A 
N/A 
 
STP 6 
STP 6 
 
9-10 
9-10 
 
Crystal 
River 
 
2 
2 
 
68% 
95% 
 
AD 238-292 
AD 221-321 
 
AD 441-499 
AD 434-544 
 
2 
2 
 
5 
5 
 
2-10 
2-10 
 
Crystal 
River 
 
1 
1 
 
68% 
95% 
 
AD 125-199 
AD 69-225 
 
AD 180-242 
AD 144-265 
 
2 
2 
 
5 
5 
 
11 
11 
90 
 
 
Figure 4.4. Phase Designations of Strata in Unit 5 from Crystal River. Figure Courtesy of 
Thomas J. Pluckhahn 
 
 The methods used in this analysis were specifically chosen to identify harvesting impacts, 
the process of which gave consideration to: 1) the characteristics of the dataset, 2) interest in 
applying the results of this study to address contemporary issues, and 3) proximity, both 
temporally and spatially, to areas where similar research questions, using similar analytical 
methods, have yielded promising results. It is because of this carefully-constructed research 
design, along with unusually fine temporal resolution of archaeofaunal deposits provided through 
extensive radiocarbon dating, that the methods outlined above are fit to address potential 
anthropogenic impacts in the pre-Columbian past at Crystal River, but that also facilitate 
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comparison of data gleaned through this study to contemporaneous coastal sites across the 
Southeast, and to modern communities that rely on the regular harvest of estuarine resources.  
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Chapter 5 
 
 
Results 
 
 
As discussed in the previous chapter, I calculated mean trophic level, diversity, and 
equitability by MNI and biomass four each of the four phases. These data are summarized in 
Tables 5.1 and 5.2, respectively. I also compare mean trophic level, diversity, and equitability 
more generally by contrasting the (relatively) earlier assemblages at Crystal River with the later 
assemblages at Roberts Island, as indicated in Tables 5.3 and 5.4.  
 
Table 5.1.   Biomass Mean Trophic Level, Diversity, and Equitability by Phase. 
 
Phase 1 Phase 2 Phase 3 Phase 4 
Mean TL Biomass 2.276 2.312 2.275 2.141 
Vert TL Biomass 3.009 3.050 3.085 3.003 
Diversity Biomass 1.338 1.229 1.039 0.446 
Equitability Biomass 0.427 0.325 0.295 0.126 
 
Table 5.2. MNI Mean Trophic Level, Diversity, and Equitability by Phase. 
 
Phase 1 Phase 2  Phase 3 Phase 4 
Mean TL MNI 2.164 2.160 2.173 2.109 
Vert TL MNI 3.435 2.844 3.178 3.171 
Diversity MNI 1.296 0.812 0.779 0.561 
Equitability MNI 0.413 0.215 0.221 0.159 
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Table 5.3. Biomass Mean Trophic Level, Diversity, and Equitability by Site. 
 
Crystal River 
(Early) 
Roberts Island 
(Late) 
Mean TL Biomass 2.309 2.165 
Vert TL Biomass 3.048 3.044 
Diversity Biomass 1.246 0.581 
Equitability Biomass 0.325 0.153 
 
 
Table 5.4. MNI Mean Trophic Level, Diversity, and Equitability by Site. 
 
Crystal River 
(Early) 
Roberts Island 
(Late) 
Mean TL MNI 2.161 2.121 
Vert TL MNI 2.880 3.176 
Diversity MNI 0.920 0.616 
Equitability MNI 0.240 0.162 
 
 
 
Figure 5.1. Biomass Mean TL by Phase. 
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Figure 5.2. MNI Mean TL by Phase. 
 
 
 
Figure 5.3. Biomass Mean TL by Site. 
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Figure 5.4. MNI Mean TL by Site. 
 
The high abundance of mullet during earlier time periods (Table 5.5) strengthens the 
degree of inference that can be associated with the late downward shift in mean trophic level. 
Mullet biomass is highest during Phase 2, composing 9.66 percent of the overall biomass for this 
interval. Mullet is the most abundant vertebrate species, and the second most abundant species 
overall, in the Phase 2 assemblage. Mullet decline significantly in abundance after Phase 2. This 
trend is also apparent between aggregate assemblages, as mullet compose 9.56 percent of overall 
biomass for the Crystal River sample, but only 1.72 percent of the subsequent Roberts Island 
sample (Table 5.8). Because mullet are a low trophic-level (2.1), primary consumer, I would 
expect to see lower mean trophic level of samples where mullet are abundant. Thus, the late 
decrease in mean trophic level evident in later assemblages that exhibit comparatively low 
abundance of mullet, suggests that this shift represents a significant change in dietary practices 
and trophic targeting through time, rather than an abundance of lower-level species like mullet. 
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The same general trend, only to a lesser extent, is exhibited by MNI (see Table 5.6 and Figures 
5.2 and 5.4) 
The decline in mean trophic level through time appears to be correlated with the reduced 
presence of high trophic-level secondary and tertiary consumers during later time periods. Large, 
cartilaginous fishes (primarily sharks and rays) disappear entirely from samples with temporal 
components dating after Phase 2 (see Tables 5.5-5.10). Given their high population doubling 
time (Pauly et al. 1998; Pinnegar and Engelhard 2008), these taxa would have been particularly 
vulnerable to regular targeting by humans, which composed at least part of harvesting dynamics 
during early time periods.  
Vertebrates in general also substantially decline in abundance after Phase 3. As shown in 
Table 5.5, fish compose between 17-22 percent of overall biomass for Phases 1-3, but only 3.81 
percent of Phase 4 biomass. MNI and NISP also mimic this trend. Vertebrates constitute between 
3.4-7.1 percent of overall MNI for Phases 1-3, but only 0.62 percent of the Phase 4 assemblage 
(see Table 5.6). Slight variation between Phases 1-3 is apparent in NISP, as vertebrates compose 
only 12.23 percent of the Phase 1 assemblage, but compose 27.32 and 24.85 percent of Phase 2 
and 3 NISP, respectively. Vertebrates represent a small portion of Phase 4 NISP (3.17 percent) in 
comparison with earlier phases (see Table 5.7).  
Comparison of aggregate temporal units also exhibits this pattern. In the transition 
between the early assemblage of Crystal River and the later assemblage of Roberts Island, 
vertebrate biomass declines from 20.99 to 6.23 percent, vertebrate MNI declines from 6.81 to 
1.51 percent, and vertebrate NISP declines from 26.15 to 7.57 percent. This decreasing 
vertebrate presence corresponds with an increase in invertebrate (particularly bivalve) 
abundance. The contribution of bivalves to biomass is 73.61 percent of the Phase 1 sample, 
97 
increases slightly to 75.96 percent for Phase 2, and again to 81.74 for Phase 3, then trends 
upward to 94.75 percent in Phase 4. Increase in oyster collection is clearly the main constituent 
of this trend, as oyster abundance mirrors the pattern expressed above. The contribution of 
oysters to biomass steadily increases from where oysters compose 69.01 percent in Phase 1 to 
92.15 in Phase 4 (see Table 5.8).  
Trophic targeting can be better delineated with an examination of the corresponding tool 
assemblage, and will be given consideration in forthcoming chapters. I expected that if 
overharvesting removed certain species from the resource base, tool production and distribution 
would also change. Given the observed trophic decline after Phase 1, the abundance of tools used 
to harvest fishes would also likely fade, and the transition to other technologies used to process 
shellfish is expected. 
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Table 5.5. Sample Biomass by Phase. 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
cf. Callinectes 
sapidus 
Probable Blue Crab 2.6  2.61  0.14  68.25  0.27  11.35  0.18  276.56  0.98 
Total Crustacea Total Crustaceans    2.61  0.14  68.25  0.27  11.35  0.18  276.56  0.98 
Crassostrea virginica Eastern Oyster 2.1 1,266.13  69.01  18,377.77  73.51  4,835.17  78.76  26,011.83  92.15 
Polymesoda 
caroliniana 
Carolina Marsh 
Clam 
2.1  74.74  4.07  513.06  2.05  175.88  2.86  706.81  2.50 
Mercenaria spp. Quahog  2.1  4.32  0.24  88.82  0.36         
Ischadium recurvum Hooked Mussel 2.1  4.03  0.22  7.97  0.03  6.93  0.11  27.46  0.10 
Mytilopsis 
leucophaeata 
False Zebra Mussel 2.1  1.18  0.06  1.11  0.00         
Argopecten irradians Bay Scallop 2.1  0.22  0.01  2.58  0.01         
Total Bivalvia Total Bivalves    1,350.62  73.61  18,991.31  75.96  5,017.98  81.74  26,746.10  94.75 
Melongena corona 
Florida Crown 
Conch 
2.5  74.30  4.05  486.53  1.95  28.86  0.47  101.36  0.36 
Busycon contrarium Lightning Whelk 2.5  4.59  0.25  40.92  0.16         
Crepidula spp. Slipper Shell 2.1  82.20  4.48  97.62  0.39  2.19  0.04  24.60  0.09 
Melampus monile 
Caribbean 
Melampus 
2.1          0.16  0.00  0.16  0.00 
Euglandina rosea Rosy Wolf Snail 2.1          0.16  0.00  0.56  0.00 
Neretina reclivata Olive Nerite 2.1      1.31  0.01      0.82  0.00 
Olygyra orbiculata Globular Drop 2.1          0.08  0.00  0.88  0.00 
Neverita duplicata Shark Eye 2.5  1.45  0.08  1.24  0.00  11.54  0.19     
Olivella spp. Dwarf Olives 2.1          0.08  0.00     
Prunum apicinum 
Common 
Marginella 
2.1      0.16  0.00         
Total Gastropoda Total Gastropods    162.54  8.86  627.78  2.51  43.07  0.70  128.38  0.45 
Total Invertebrata  
Total 
Invertebrates 
   1,515.77  82.61  19,687.34  78.75  5,072.40  82.62  27,151.04  96.19 
Lamniformes Mackerel Sharks 4.3  17.00  0.93  468.00  1.87         
Carcharhinidae Requiem Sharks 4  17.00  0.93             
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Table 5.5. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Galeocerdo cuvier Tiger Shark 4.5      17.00  0.07         
Rajidae Skates 3.5      17.00  0.07         
Dasyatidae Whiptail Stingrays 3.5      32.00  0.13         
Rhinoptera bonasus Cownose Ray 3.2      45.00  0.18         
Total 
Chondrichthyes 
Total 
Cartilaginous 
Fishes 
   34.00  1.85  579.00  2.32         
Lepisosteus spp. Gar 4.2  30.00  1.64  543.00  2.17         
Lepisosteus osseus Longnose Gar 4.2          11.62  0.19  8.16  0.03 
Amia calva Bowfin 3.8      3.00  0.01         
Elops saurus Ladyfish 4  8.00  0.44  48.00  0.19  37.38  0.61  2.83  0.01 
Clupeidae Herrings 2.6              3.69  0.01 
Notemigonus 
crysoleucas 
Golden Shiner 2.7      12.00  0.05      0.79  0.00 
Ictalurus punctatus Channel Catfish 4.2      26.00  0.10         
Ariidae Sea Catfishes 3.2          117.07  1.91  191.65  0.68 
Ariopsis felis Hardhead Catfish 3.2  20.00  1.09  339.00  1.36  247.95  4.04  160.89  0.57 
Bagre marinus Gafftopsail Catfish 3.5  10.00  0.55  85.00  0.34  17.86  0.29  4.94  0.02 
Ameiurus sp. Bullheads 3.3              3.29  0.01 
Ameiurus catus White Catfish 3.2              2.45  0.01 
Opsanus tau Toadfish 3.8      50.00  0.20         
Mugil spp. Mullet 2.1  150.00  8.18  2,416.00  9.66  298.31  4.86  292.85  1.04 
Centropristis sp. Sea Bass 3.9  2.00  0.11             
Centrarchidae Sunfishes 3.2              0.36  0.00 
Lepomis spp. Eared Sunfishes 3.2      3.00  0.01  1.76  0.03     
Micropterus 
salmoides 
Largemouth Bass 3.8      97.00  0.39  11.94  0.19  13.03  0.05 
 
 100
Table 5.5. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Pomatomus saltatrix Bluefish 4.5      20.00  0.08         
Carangidae Jacks 3.3          7.76  0.13  237.69  0.84 
Caranx hippos Crevalle Jack 3.6      13.00  0.05         
Lutjanus sp. Common Snappers 4.3              1.07  0.00 
Lutjanus 
campechanus 
Red Snapper 4.3  3.00  0.16  109.00  0.44         
Orthopristis 
chrysoptera 
Pigfish 3.4          3.02  0.05  1.35  0.00 
cf. Haemulon spp. Common Grunt 3.8      18.00  0.07         
Archosargus spp. Sheepshead Porgies 3.2          10.06  0.16     
Archosargus 
probatocephalus 
Sheepshead 3.5  24.00  1.31  387.00  1.55  36.69  0.60  16.29  0.06 
Calamus spp. Porgies 3.7          0.63  0.01  11.86  0.04 
Calamus sp. White-bone Porgy 4.2      2.00  0.01         
Lagodon rhomboides Pinfish 4.4  2.00  0.11  20.00  0.08  2.43  0.04  0.23  0.00 
Stenotomus caprinus Longspine Porgy 3.4          0.23  0.00     
Bairdiella chrysoura Silver Perch 3.2          21.90  0.36  2.90  0.01 
Cynoscion spp. 
Seatrouts and 
Weakfishes 
4      16.00  0.06  50.70  0.83  8.10  0.03 
Cynoscion nebulosus  Spotted Seatrout 4      67.00  0.27         
Leiostomous 
xanthurus 
Spot 3.2          2.15  0.04     
Pogonias cromis Black Drum 3.9      58.00  0.23  72.76  1.19     
Sciaenops ocellatus Red Drum 3.7  36.00  1.96  322.00  1.29  49.38  0.80  81.14  0.29 
Chaetodipterus faber Atlantic Spadefish 4.5      27.00  0.11         
Scaridae  Parrotfishes 2      20.00  0.08         
Paralichthys sp. 
Summer/Southern 
Flounders 
3.5          4.86  0.08  2.78  0.01 
Paralichthys 
lethostigma 
Southern Flounder 3.5      22.00  0.09         
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Table 5.5. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Chilomycterus sp. Burrfishes 3.5      12.00  0.05  60.30  0.98  27.30  0.10 
Total Actinopterygii 
Total Ray-Finned 
Fishes 
   285.00  15.53  4,735.00  18.94  1,066.76  17.38  1,075.64  3.81 
Total Vertebrata Total Vertebrates    319.00  17.39  5,314.00  21.25  1,066.76  17.38  1,075.64  3.81 
Total Overall Total Overall    1,834.77  100.00  25,001.34  100.00  6,139.16  100.00  28,226.68  100.00 
 
Table 5.6. Sample MNI by Phase. 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
cf. Callinectes sapidus Probable Blue Crab 2.6 1 0.23 1  0.03 1 0.08 10 0.16 
Total Crustacea Total Crustaceans   1 0.23 1  0.03 1 0.08 10 0.16 
Crassostrea virginica Eastern Oyster 2.1 206 47.80 3,025  83.52 1,154 86.77 5,497 87.57 
Polymesoda caroliniana Carolina Marsh Clam 2.1 6 1.39 58  1.60 24 1.80 101 1.61 
Mercenaria spp. Quahog  2.1 1 0.23 1  0.03         
Ischadium recurvum Hooked Mussel 2.1 1 0.23 1  0.03 7 0.53 89 1.42 
Mytilopsis leucophaeata False Zebra Mussel 2.1 18 4.18 18  0.50         
Argopecten irradians Bay Scallop 2.1 1 0.23 1  0.03         
Total Bivalvia Total Bivalves   233 54.06 3,104  85.70 1,185 89.10 5,687  90.60 
Melongena corona Florida Crown Conch 2.5 9 2.09 57 1.57 3 0.23 15 0.24 
Busycon contrarium Lightning Whelk 2.5 1 0.23 2 0.06         
Crepidula spp. Slipper Shell 2.1 169 39.21 195 5.38 55 4.14 481 7.66 
Melampus monile Caribbean Melampus 2.1         3 0.23 3 0.05 
Euglandina rosea Rosy Wolf Snail 2.1         4 0.30 8 0.13 
Neretina reclivata Olive Nerite 2.1     1 0.03     2 0.03 
Olygyra orbiculata Globular Drop 2.1         2 0.15 32 0.51 
Neverita duplicata Shark Eye 2.5 1 0.23 1 0.03 1 0.08     
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Table 5.6. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Olivella spp. Dwarf Olives 2.1         1 0.08     
Prunum apicinum Common Marginella 2.1     1 0.03         
Total Gastropoda Total Gastropods   180 41.76 257  7.10 69 5.19 541  8.62 
Total Invertebrata  Total Invertebrates   414 96.06 3,362  92.82 1,255 94.36 6,238  99.38 
Lamniformes Mackerel Sharks 4.3 1 0.23 1 0.03         
Carcharhinidae Requiem Sharks 4 1 0.23             
Galeocerdo cuvier Tiger Shark 4.5     1 0.03         
Rajidae Skates 3.5     1 0.03         
Dasyatidae Whiptail Stingrays 3.5     1 0.03         
Rhinoptera bonasus Cownose Ray 3.2     1 0.03         
Total Chondrichthyes 
Total Cartilaginous 
Fishes 
  2 0.46 5 0.14         
Lepisosteus spp. Gar 4.2 1 0.23 2 0.06         
Lepisosteus osseus Longnose Gar 4.2         1 0.08 1 0.02 
Amia calva Bowfin 3.8     1 0.03         
Elops saurus Ladyfish 4 1 0.23 1 0.03 1 0.08 1 0.02 
Clupeidae Herrings 2.6             1 0.02 
Notemigonus 
crysoleucas 
Golden Shiner 2.7     1 0.03     1 0.02 
Ictalurus punctatus Channel Catfish 4.2     3 0.08         
Ariidae Sea Catfishes 3.2         1 0.08 7 0.11 
Ariopsis felis Hardhead Catfish 3.2 1 0.23 6 0.17 10 0.75 3 0.05 
Bagre marinus Gafftopsail Catfish 3.5 1 0.23 3 0.08 1 0.08 1 0.02 
Ameiurus sp. Bullheads 3.3             1 0.02 
Ameiurus catus White Catfish 3.2             1 0.02 
Opsanus tau Toadfish 3.8     2 0.06         
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Table 5.6. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Mugil spp. Mullet 2.1 4 0.93 150 4.14 18 1.35 8 0.13 
Centropristis sp. Sea Bass 3.9 1 0.23             
Centrarchidae Sunfishes 3.2             1 0.02 
Lepomis spp. Eared Sunfishes 3.2     1 0.03 2 0.15     
Micropterus salmoides Largemouth Bass 3.8     10 0.28 4 0.30 1 0.02 
Pomatomus saltatrix Bluefish 4.5     7 0.19         
Carangidae Jacks 3.3         1 0.08 1 0.02 
Caranx hippos Crevalle Jack 3.6     1 0.03         
Lutjanus sp. Common Snappers 4.3             1 0.02 
Lutjanus campechanus Red Snapper 4.3 1 0.23 9 0.25         
Orthopristis 
chrysoptera 
Pigfish 3.4         5 0.38 1 0.02 
cf. Haemulon spp. Common Grunt 3.8     4 0.11         
Archosargus spp. Sheepshead Porgies 3.2         1 0.08     
Archosargus 
probatocephalus 
Sheepshead 3.5 3 0.70 21 0.58 2 0.15 1 0.02 
Calamus spp. Porgies 3.7         1 0.08 2 0.03 
Calamus sp. White-bone Porgy 4.2     1 0.03         
Lagodon rhomboides Pinfish 4.4 1 0.23 8 0.22 6 0.45 1 0.02 
Stenotomus caprinus Longspine Porgy 3.4         1 0.08     
Bairdiella chrysoura Silver Perch 3.2         12 0.90 1 0.02 
Cynoscion spp. 
Seatrouts and 
Weakfishes 
4     1 0.03 2 0.15 1 0.02 
Cynoscion nebulosus  Spotted Seatrout 4     9 0.25         
Leiostomous xanthurus Spot 3.2         2 0.15     
Pogonias cromis Black Drum 3.9     3 0.08 1 0.08     
Sciaenops ocellatus Red Drum 3.7 1 0.23 4 0.11 1 0.08 1 0.02 
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Table 5.6. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Chaetodipterus faber Atlantic Spadefish 4.5     4 0.11         
Scaridae  Parrotfishes 2     1 0.03         
Paralichthys sp. 
Summer/Southern 
Flounders 
3.5         1 0.08 1 0.02 
Paralichthys 
lethostigma 
Southern Flounder 3.5     1 0.03         
Chilomycterus sp. Burrfishes 3.5     1 0.03 1 0.08 1 0.02 
Total Actinopterygii 
Total Ray-Finned 
Fishes 
  15 3.48 255 7.04 75 5.64 39 0.62 
Total Vertebrata Total Vertebrates   17 3.94 260  7.18 75 5.64 39  0.62 
Total Overall Total Overall   431 100.00 3,622  100.00 1,330 100.00 6,277  100.00 
 
Table 5.7. Sample NISP by Phase 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
cf. Callinectes sapidus Probable Blue Crab 2.6 4 0.44 28  0.26 9 0.26 311 2.32 
Total Crustacea Total Crustaceans   4 0.44 28  0.26 9 0.26 311 2.32 
Crassostrea virginica Eastern Oyster 2.1 413 45.09 6,050  55.45 2,309 67.75 10,995 82.11 
Polymesoda caroliniana 
Carolina Marsh 
Clam 
2.1 128 13.97 1,308  11.99 101 2.96 748 5.59 
Mercenaria spp. Quahog  2.1 9 0.98 62  0.57         
Ischadium recurvum Hooked Mussel 2.1 1 0.11 22  0.20 73 2.14 367 2.74 
Mytilopsis leucophaeata False Zebra Mussel 2.1 36 3.93 36  0.33         
Argopecten irradians Bay Scallop 2.1 1 0.11 7  0.06         
Total Bivalvia Total Bivalves   588 64.19 7,485  68.61 2,483 72.86 12,110  90.43 
Melongena corona 
Florida Crown 
Conch 
2.5 38 4.15 203  1.86 3 0.09 19 0.14 
Busycon contrarium Lightning Whelk 2.5 4 0.44 7  0.06         
Crepidula spp. Slipper Shell 2.1 169 18.45 195  1.79 55 1.61 481 3.59 
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Table 5.7. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Melampus monile 
Caribbean 
Melampus 
2.1         3 0.09 3 0.02 
Euglandina rosea Rosy Wolf Snail 2.1         4 0.12 8 0.06 
Neretina reclivata Olive Nerite 2.1     9  0.08     2 0.01 
Olygyra orbiculata Globular Drop 2.1         2 0.06 32 0.24 
Neverita duplicata Shark Eye 2.5 1 0.11 1  0.01 1 0.03     
Olivella spp. Dwarf Olives 2.1         1 0.03     
Prunum apicinum Common Marginella 2.1     1  0.01         
Total Gastropoda Total Gastropods   212 23.14 416  3.81 69 2.02 545  4.07 
Total Invertebrata  Total Invertebrates   804 87.77 7,929  72.68 2,561 75.15 12,966  96.83 
Lamniformes Mackerel Sharks 4.3 1 0.11 34  0.31         
Carcharhinidae Requiem Sharks 4 3 0.33             
Galeocerdo cuvier Tiger Shark 4.5     2  0.02         
Rajidae Skates 3.5     1  0.01         
Dasyatidae Whiptail Stingrays 3.5     1  0.01         
Rhinoptera bonasus Cownose Ray 3.2     2  0.02         
Total Chondrichthyes 
Total Cartilaginous 
Fishes 
  4 0.44 40  0.37         
Lepisosteus spp. Gar 4.2 6 0.66 87  0.80         
Lepisosteus osseus Longnose Gar 4.2         2 0.06 1 0.01 
Amia calva Bowfin 3.8     6  0.05         
Elops saurus Ladyfish 4 1 0.11 45  0.41 68 2.00 4 0.03 
Clupeidae Herrings 2.6             3 0.02 
Notemigonus 
crysoleucas 
Golden Shiner 2.7     2  0.02     1 0.01 
Ictalurus punctatus Channel Catfish 4.2     9  0.08         
Ariidae Sea Catfishes 3.2         117 3.43 49 0.37 
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Table 5.7. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Ariopsis felis Hardhead Catfish 3.2 11 1.20 101  0.93 149 4.37 36 0.27 
Bagre marinus Gafftopsail Catfish 3.5 3 0.33 14  0.13 6 0.18 2 0.01 
Ameiurus sp. Bullheads 3.3             1 0.01 
Ameiurus catus White Catfish 3.2             1 0.01 
Opsanus tau Toadfish 3.8     10  0.09         
Mugil spp. Mullet 2.1 65 7.10 2,285  20.94 369 10.83 279 2.08 
Centropristis sp. Sea Bass 3.9 1 0.11             
Centrarchidae Sunfishes 3.2             1 0.01 
Lepomis spp. Eared Sunfishes 3.2     1  0.01 6 0.18     
Micropterus salmoides Largemouth Bass 3.8     47  0.43 10 0.29 7 0.05 
Pomatomus saltatrix Bluefish 4.5     10  0.09         
Carangidae Jacks 3.3         3 0.09 6 0.04 
Caranx hippos Crevalle Jack 3.6     4  0.04         
Lutjanus sp. Common Snappers 4.3             1 0.01 
Lutjanus campechanus Red Snapper 4.3 1 0.11 58  0.53         
Orthopristis chrysoptera Pigfish 3.4         5 0.15 2 0.01 
cf. Haemulon spp. Common Grunt 3.8     13  0.12         
Archosargus spp. Sheepshead Porgies 3.2         10 0.29     
Archosargus 
probatocephalus 
Sheepshead 3.5 16 1.75 162  1.48 11 0.32 5 0.04 
Calamus spp. Porgies 3.7         1 0.03 5 0.04 
Calamus sp. White-bone Porgy 4.2     1  0.01         
Lagodon rhomboides Pinfish 4.4 1 0.11 28  0.26 11 0.32 1 0.01 
Stenotomus caprinus Longspine Porgy 3.4         1 0.03     
Bairdiella chrysoura Silver Perch 3.2         27 0.79 2 0.01 
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Table 5.7. (Continued) 
 
Scientific Name Common Name TL Phase 1 (%) Phase 2 (%) Phase 3 (%) Phase 4 (%) 
Cynoscion spp. 
Seatrouts and 
Weakfishes 
4     1  0.01 9 0.26 2 0.01 
Cynoscion nebulosus  Spotted Seatrout 4     20  0.18         
Leiostomous xanthurus Spot 3.2         2 0.06     
Pogonias cromis Black Drum 3.9     4  0.04 30 0.88     
Sciaenops ocellatus Red Drum 3.7 3 0.33 23  0.21 7 0.21 14 0.10 
Chaetodipterus faber Atlantic Spadefish 4.5     4  0.04         
Scaridae  Parrotfishes 2     2  0.02         
Paralichthys sp. 
Summer/Southern 
Flounders 
3.5         2 0.06 1 0.01 
Paralichthys lethostigma Southern Flounder 3.5     3  0.03         
Chilomycterus sp. Burrfishes 3.5     1  0.01 1 0.03 1 0.01 
Total Actinopterygii 
Total Ray-Finned 
Fishes 
  108 11.79 2,941  26.96 847 24.85 425 3.17 
Total Vertebrata Total Vertebrates   112 12.23 2,981  27.32 847 24.85 425  3.17 
Total Overall Total Overall   916 100.00 10,910  100.00 3,408 100.00 13,391  100.00 
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Table 5.8. Sample Biomass by Site. 
Scientific Name Common Name TL 
Crystal 
River (g) 
(%) 
Roberts 
Island (g) 
(%) 
cf. Callinectes sapidus Probable Blue Crab 2.6  70.86  0.26 287.91  0.84 
Total Crustacea Total Crustaceans    70.86  0.26 287.91  0.84 
Crassostrea virginica Eastern Oyster 2.1  19,643.90  73.20 30,847.00  89.76 
Polymesoda caroliniana Carolina Marsh Clam 2.1  587.80  2.19 882.69  2.57 
Mercenaria spp. Quahog  2.1  93.14  0.35     
Ischadium recurvum Hooked Mussel 2.1  12.00  0.04 34.39  0.10 
Mytilopsis leucophaeata False Zebra Mussel 2.1  2.29  0.01     
Argopecten irradians Bay Scallop 2.1  2.80  0.01     
Total Bivalvia Total Bivalves    20,341.93  75.80 31,764.08  92.43 
Melongena corona Florida Crown Conch 2.5 560.83 2.09 130.22  0.38 
Busycon contrarium Lightning Whelk 2.5 45.51 0.17     
Crepidula spp. Slipper Shell 2.1 179.82 0.67 26.79  0.08 
Melampus monile Caribbean Melampus 2.1     0.32  0.00 
Euglandina rosea Rosy Wolf Snail 2.1     0.72  0.00 
Neretina reclivata Olive Nerite 2.1 1.31 0.00 0.82  0.00 
Olygyra orbiculata Globular Drop 2.1     0.96  0.00 
Neverita duplicata Shark Eye 2.5 2.69 0.01 11.54  0.03 
Olivella spp. Dwarf Olives 2.1     0.08  0.00 
Prunum apicinum Common Marginella 2.1 0.16 0.00     
Total Gastropoda Total Gastropods    790.32  2.94 171.45  0.50 
Total Invertebrata  Total Invertebrates    21,203.11  79.01 32,223.44  93.77 
Lamniformes Mackerel Sharks 4.3 485 1.81     
Carcharhinidae Requiem Sharks 4 17 0.06     
Galeocerdo cuvier Tiger Shark 4.5 17 0.06     
Rajidae Skates 3.5 17 0.06     
Dasyatidae Whiptail Stingrays 3.5 32 0.12     
Rhinoptera bonasus Cownose Ray 3.2 45 0.17     
Total Chondrichthyes 
Total Cartilaginous 
Fishes 
   613.00  2.28 0.00  0.00 
Lepisosteus spp. Gar 4.2 573 2.14     
Lepisosteus osseus Longnose Gar 4.2     19.78  0.05 
Amia calva Bowfin 3.8 3 0.01     
Elops saurus Ladyfish 4 56 0.21 40.21  0.12 
Clupeidae Herrings 2.6     3.69  0.01 
Notemigonus crysoleucas Golden Shiner 2.7 12 0.04 0.79  0.00 
Ictalurus punctatus Channel Catfish 4.2 26 0.10     
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Table 5.8. (Continued) 
 
Scientific Name  Common Name TL 
Crystal 
River (g) 
(%) 
Roberts 
Island (g) 
(%) 
Ariidae Sea Catfishes 3.2     308.72  0.90 
Ariopsis felis Hardhead Catfish 3.2 359 1.34 408.84  1.19 
Bagre marinus Gafftopsail Catfish 3.5 95 0.35 22.80  0.07 
Ameiurus sp. Bullheads 3.3     3.29  0.01 
Ameiurus catus White Catfish 3.2     2.45  0.01 
Opsanus tau Toadfish 3.8 50 0.19     
Mugil spp. Mullet 2.1 2,566.00 9.56 591.16  1.72 
Centropristis sp. Sea Bass 3.9 2 0.01     
Centrarchidae Sunfishes 3.2     0.36  0.00 
Lepomis spp. Eared Sunfishes 3.2 3 0.01 1.76  0.01 
Micropterus salmoides Largemouth Bass 3.8 97 0.36 24.97  0.07 
Pomatomus saltatrix Bluefish 4.5 20 0.07     
Carangidae Jacks 3.3     245.45  0.71 
Caranx hippos Crevalle Jack 3.6 13 0.05     
Lutjanus sp. Common Snappers 4.3     1.07  0.00 
Lutjanus campechanus Red Snapper 4.3 112 0.42     
Orthopristis chrysoptera Pigfish 3.4     4.37  0.01 
cf. Haemulon spp. Common Grunt 3.8 18 0.07     
Archosargus spp. Sheepshead Porgies 3.2     10.06  0.03 
Archosargus 
probatocephalus 
Sheepshead 3.5 411 1.53 52.98  0.15 
Calamus spp. Porgies 3.7     12.49  0.04 
Calamus sp. White-bone Porgy 4.2 2 0.01     
Lagodon rhomboides Pinfish 4.4 22 0.08 2.66  0.01 
Stenotomus caprinus Longspine Porgy 3.4     0.23  0.00 
Bairdiella chrysoura Silver Perch 3.2     24.80  0.07 
Cynoscion spp. 
Seatrouts and 
Weakfishes 
4 16 0.06 58.80  0.17 
Cynoscion nebulosus  Spotted Seatrout 4 67 0.25     
Leiostomous xanthurus Spot 3.2     2.15  0.01 
Pogonias cromis Black Drum 3.9 58 0.22 72.76  0.21 
Sciaenops ocellatus Red Drum 3.7 358 1.33 130.52  0.38 
Chaetodipterus faber Atlantic Spadefish 4.5 27 0.10     
Scaridae  Parrotfishes 2 20 0.07     
Paralichthys sp. 
Summer/Southern 
Flounders 
3.5     7.64  0.02 
Paralichthys lethostigma Southern Flounder 3.5 22 0.08     
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Table 5.8. (Continued) 
 
Scientific Name Common Name TL 
Crystal 
River (g) 
(%) 
Roberts 
Island (g) 
(%) 
Chilomycterus sp. Burrfishes 3.5 12 0.04 87.60  0.25 
Total Actinopterygii 
Total Ray-Finned 
Fishes 
   5,020.00  18.71 2,142.40  6.23 
Total Vertebrata Total Vertebrates    5,633.00  20.99 2,142.40  6.23 
Total Overall Total Overall    26,836.11  100.00 34,365.84  100.00 
 
Table 5.9. Sample MNI by Site. 
Scientific Name Common Name TL 
Crystal 
River 
(%) 
Roberts 
Island 
(%) 
cf. Callinectes sapidus Probable Blue Crab 2.6 2 0.05 11 0.14 
Total Crustacea Total Crustaceans   2 0.05 11 0.14 
Crassostrea virginica Eastern Oyster 2.1 3,231 79.72 6,651 87.43 
Polymesoda caroliniana Carolina Marsh Clam 2.1 64 1.58 125 1.64 
Mercenaria spp. Quahog  2.1 2 0.05     
Ischadium recurvum Hooked Mussel 2.1 2 0.05 96 1.26 
Mytilopsis leucophaeata False Zebra Mussel 2.1 36 0.89     
Argopecten irradians Bay Scallop 2.1 2 0.05     
Total Bivalvia Total Bivalves   3,337 82.33 6,872  90.34 
Melongena corona Florida Crown Conch 2.5 66 1.63 18 0.24 
Busycon contrarium Lightning Whelk 2.5 3 0.07     
Crepidula spp. Slipper Shell 2.1 364 8.98 536 7.05 
Melampus monile Caribbean Melampus 2.1     6 0.08 
Euglandina rosea Rosy Wolf Snail 2.1     12 0.16 
Neretina reclivata Olive Nerite 2.1 1 0.02 2 0.03 
Olygyra orbiculata Globular Drop 2.1     34 0.45 
Neverita duplicata Shark Eye 2.5 2 0.05 1 0.01 
Olivella spp. Dwarf Olives 2.1     1 0.01 
Prunum apicinum Common Marginella 2.1 1 0.02     
Total Gastropoda Total Gastropods   437 10.78 610  8.02 
Total Invertebrata  Total Invertebrates   3,776 93.17 7,493  98.50 
Lamniformes Mackerel Sharks 4.3 2 0.05     
Carcharhinidae Requiem Sharks 4 1 0.02     
Galeocerdo cuvier Tiger Shark 4.5 1 0.02     
Rajidae Skates 3.5 1 0.02     
Dasyatidae Whiptail Stingrays 3.5 1 0.02     
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Table 5.9. (Continued) 
 
Scientific Name Common Name TL 
Crystal 
River 
(%) 
Roberts 
Island 
(%) 
Rhinoptera bonasus Cownose Ray 3.2 1 0.02     
Total Chondrichthyes 
Total Cartilaginous 
Fishes 
  7 0.17     
Lepisosteus spp. Gar 4.2 3 0.07     
Lepisosteus osseus Longnose Gar 4.2     2 0.03 
Amia calva Bowfin 3.8 1 0.02     
Elops saurus Ladyfish 4 2 0.05 2 0.03 
Clupeidae Herrings 2.6     1 0.01 
Notemigonus crysoleucas Golden Shiner 2.7 1 0.02 1 0.01 
Ictalurus punctatus Channel Catfish 4.2 3 0.07     
Ariidae Sea Catfishes 3.2     8 0.11 
Ariopsis felis Hardhead Catfish 3.2 7 0.17 13 0.17 
Bagre marinus Gafftopsail Catfish 3.5 4 0.10 2 0.03 
Ameiurus sp. Bullheads 3.3     1 0.01 
Ameiurus catus White Catfish 3.2     1 0.01 
Opsanus tau Toadfish 3.8 2 0.05     
Mugil spp. Mullet 2.1 154 3.80 26 0.34 
Centropristis sp. Sea Bass 3.9 1 0.02     
Centrarchidae Sunfishes 3.2     1 0.01 
Lepomis spp. Eared Sunfishes 3.2 1 0.02 2 0.03 
Micropterus salmoides Largemouth Bass 3.8 10 0.25 5 0.07 
Pomatomus saltatrix Bluefish 4.5 7 0.17     
Carangidae Jacks 3.3     2 0.03 
Caranx hippos Crevalle Jack 3.6 1 0.02     
Lutjanus sp. Common Snappers 4.3     1 0.01 
Lutjanus campechanus Red Snapper 4.3 10 0.25     
Orthopristis chrysoptera Pigfish 3.4     6 0.08 
cf. Haemulon spp. Common Grunt 3.8 4 0.10     
Archosargus spp. Sheepshead Porgies 3.2     1 0.01 
Archosargus 
probatocephalus 
Sheepshead 3.5 24 0.59 3 0.04 
Calamus spp. Porgies 3.7     3 0.04 
Calamus sp. White-bone Porgy 4.2 1 0.02     
Lagodon rhomboides Pinfish 4.4 9 0.22 7 0.09 
Stenotomus caprinus Longspine Porgy 3.4     1 0.01 
Bairdiella chrysoura Silver Perch 3.2     13 0.17 
Cynoscion spp. Seatrouts and Weakfishes 4 1 0.02 3 0.04 
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Table 5.9. (Continued) 
 
Scientific Name Common Name TL 
Crystal 
River 
(%) 
Roberts 
Island 
(%) 
Cynoscion nebulosus  Spotted Seatrout 4 9 0.22     
Leiostomous xanthurus Spot 3.2     2 0.03 
Pogonias cromis Black Drum 3.9 3 0.07 1 0.01 
Sciaenops ocellatus Red Drum 3.7 5 0.10 2 0.03 
Chaetodipterus faber Atlantic Spadefish 4.5 4 0.10     
Scaridae  Parrotfishes 2 1 0.02     
Paralichthys sp. 
Summer/Southern 
Flounders 
3.5     2 0.03 
Paralichthys lethostigma Southern Flounder 3.5 1 0.02     
Chilomycterus sp. Burrfishes 3.5 1 0.02 2 0.03 
Total Actinopterygii 
Total Ray-Finned 
Fishes 
  270 6.64 114 1.51 
Total Vertebrata Total Vertebrates   277 6.81 114  1.51 
Total Overall Total Overall   4,053 100.00 7,607  100.00 
 
Table 5.10. Sample NISP by Site. 
Scientific Name Common Name TL 
Crystal 
River 
(%) 
Roberts 
Island 
(%) 
cf. Callinectes sapidus Probable Blue Crab 2.6 32  0.27 320 1.90 
Total Crustacea Total Crustaceans   32  0.27 320 1.90 
Crassostrea virginica Eastern Oyster 2.1 6,463  54.65 13,304 79.20 
Polymesoda caroliniana Carolina Marsh Clam 2.1 1,436  12.14 849 5.05 
Mercenaria spp. Quahog  2.1 71  0.60     
Ischadium recurvum Hooked Mussel 2.1 23  0.19 440 2.62 
Mytilopsis leucophaeata False Zebra Mussel 2.1 72  0.61     
Argopecten irradians Bay Scallop 2.1 8  0.07     
Total Bivalvia Total Bivalves   8,073  68.26 14,593  86.87 
Melongena corona Florida Crown Conch 2.5 241  2.04 22 0.13 
Busycon contrarium Lightning Whelk 2.5 11  0.09     
Crepidula spp. Slipper Shell 2.1 364  3.08 536 3.19 
Melampus monile Caribbean Melampus 2.1     6 0.04 
Euglandina rosea Rosy Wolf Snail 2.1     12 0.07 
Neretina reclivata Olive Nerite 2.1 9  0.08 2 0.01 
Olygyra orbiculata Globular Drop 2.1     34 0.20 
Neverita duplicata Shark Eye 2.5 2  0.02 1 0.01 
Olivella spp. Dwarf Olives 2.1     1 0.01 
Prunum apicinum Common Marginella 2.1 1  0.01     
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Table 5.10. (Continued) 
 
Scientific Name Common Name TL 
Crystal 
River 
(%) 
Roberts 
Island 
(%) 
Total Gastropoda Total Gastropods   628  5.31 614  3.65 
Total Invertebrata  Total Invertebrates   8,733  73.85 15,527  92.43 
Lamniformes Mackerel Sharks 4.3 35  0.30     
Carcharhinidae Requiem Sharks 4 3  0.03     
Galeocerdo cuvier Tiger Shark 4.5 2  0.02     
Rajidae Skates 3.5 1  0.01     
Dasyatidae Whiptail Stingrays 3.5 1  0.01     
Rhinoptera bonasus Cownose Ray 3.2 2  0.02     
Total Chondrichthyes 
Total Cartilaginous 
Fishes 
  44  0.37 0  0.00 
Lepisosteus spp. Gar 4.2 93  0.79 3  0.03 
Lepisosteus osseus Longnose Gar 4.2         
Amia calva Bowfin 3.8 6  0.05     
Elops saurus Ladyfish 4 46  0.39 72 0.43 
Clupeidae Herrings 2.6     3 0.02 
Notemigonus crysoleucas Golden Shiner 2.7 2  0.02 1 0.01 
Ictalurus punctatus Channel Catfish 4.2 9  0.08     
Ariidae Sea Catfishes 3.2     166 0.99 
Ariopsis felis Hardhead Catfish 3.2 112  0.95 185 1.10 
Bagre marinus Gafftopsail Catfish 3.5 17  0.14 8 0.05 
Ameiurus sp. Bullheads 3.3     1 0.01 
Ameiurus catus White Catfish 3.2     1 0.01 
Opsanus tau Toadfish 3.8 10  0.08     
Mugil spp. Mullet 2.1 2,350  19.87 648 3.86 
Centropristis sp. Sea Bass 3.9 1  0.01     
Centrarchidae Sunfishes 3.2     1 0.01 
Lepomis spp. Eared Sunfishes 3.2 1  0.01 6 0.04 
Micropterus salmoides Largemouth Bass 3.8 47  0.40 17 0.10 
Pomatomus saltatrix Bluefish 4.5 10  0.08     
Carangidae Jacks 3.3     9 0.05 
Caranx hippos Crevalle Jack 3.6 4  0.03     
Lutjanus sp. Common Snappers 4.3     1 0.01 
Lutjanus campechanus Red Snapper 4.3 59  0.50     
Orthopristis chrysoptera Pigfish 3.4     7 0.04 
cf. Haemulon spp. Common Grunt 3.8 13  0.11     
Archosargus spp. Sheepshead Porgies 3.2     10 0.06 
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Table 5.10. (Continued) 
 
Scientific Name Common Name TL 
Crystal 
River 
(%) 
Roberts 
Island 
(%) 
Archosargus 
probatocephalus 
Sheepshead 3.5 178  1.51 16 0.10 
Calamus spp. Porgies 3.7     6 0.04 
Calamus sp. White-bone Porgy 4.2 1  0.01     
Lagodon rhomboides Pinfish 4.4 29  0.25 12 0.07 
Stenotomus caprinus Longspine Porgy 3.4     1 0.01 
Bairdiella chrysoura Silver Perch 3.2     29 0.17 
Cynoscion spp. Seatrouts and Weakfishes 4 1  0.01 11 0.07 
Cynoscion nebulosus  Spotted Seatrout 4 20  0.17     
Leiostomous xanthurus Spot 3.2     2 0.01 
Pogonias cromis Black Drum 3.9 4  0.03 30 0.18 
Sciaenops ocellatus Red Drum 3.7 26  0.22 21 0.13 
Chaetodipterus faber Atlantic Spadefish 4.5 4  0.03     
Scaridae  Parrotfishes 2 2  0.02     
Paralichthys sp. 
Summer/Southern 
Flounders 
3.5     3 0.02 
Paralichthys lethostigma Southern Flounder 3.5 3  0.03     
Chilomycterus sp. Burrfishes 3.5 1  0.01 2 0.01 
Total Actinopterygii Total Ray-Finned Fishes   3,049  25.78 1,272  7.57 
Total Vertebrata Total Vertebrates   3,093  26.15 1,272  7.57 
Total Overall Total Overall   11,826  100.00 16,799  100.00 
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Diversity and Equitability 
 
 Diversity and equitability both decline late and temporally mirror the decline observed in 
mean trophic level. Slight discrepancies in the degree of shift of diversity and equitability 
through time are apparent between estimates calculated by MNI and biomass (see Figures 5.5-
5.8), but both highlight the same overall trend. Diversity and equitability are highest in Phase 1, 
and vary in extent of decline between later phases.  
 Biomass diversity and equitability are both highest during Phase 1, then decline 
marginally during Phase 2, continue to decline during Phase 3, and then decline significantly 
during Phase 4 (see Figures 5.5-5.6). MNI diversity is highest during Phase 1, declines during 
Phase 2, which remains static through Phase 3, but declines significantly during Phase 4 (see 
Figure 5.7). This trend is mirrored by MNI equitability (see Figure 5.8). MNI diversity and 
equitability decline considerably between Crystal River and Roberts Island as well (see Figures 
5.9-5.10). 
 The major difference between diversity as calculated by MNI versus biomass is that MNI 
estimates suggest more drastic decline between Phase 1 and 2, and then continuity between 
Phases 2 and 3 (see Figure 5.7), whereas biomass estimates exhibit more continuity between 
Phases 1 and 2, with a decline becoming prominent between Phases 2 and 3 (see Figure 5.6). 
Both MNI and biomass diversity and equitability show significant decline during Phase 4. 
Biomass diversity and equitability suggest more extreme decline than MNI, but both exhibit 
marked decrease between Crystal River and Roberts Island.  
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Figure 5.5. Biomass Diversity by Phase 1 
 
 
 
Figure 5.6. Biomass Equitability by Phase. 
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Figure 5.7. MNI Diversity by Phase. 
 
 
 
Figure 5.8 MNI Equitability by Phase. 
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Figure 5.9. Biomass Diversity by Site. 
 
 
 
Figure 5.10. Biomass Equitability by Site. 
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Figure 5.11. MNI Diversity by Site. 
 
 
 
Figure 5.12. MNI Equitability by Site. 
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decreases between Phase 1 and 2, but then increases between Phase 2 and 3, and remains high 
through Phase 4. Vertebrate mean trophic level by MNI also increases between Crystal River and 
Roberts Island. 
 The decrease in MNI mean trophic level of vertebrates between Phase 1 and 2, and 
subsequent increase seen between Phase 2 and 3, are likely the results of both difference in 
sample size, as well as the high abundance of mullet in the Phase 2 sample. As shown in Tables 
5.5-5.7, mullet increase substantially in both relative and absolute abundance between Phase 1 
and 2. Mullet account for 4.14 percent of Phase 2 MNI. Although seemingly small, the 
percentage of mullet is high considering oyster abundance often masks contributions of other 
taxa. Only two taxa other than oyster, mullet (4.14 percent) and slipper shell (5.38 percent), 
individually represent more than 2 percent of overall relative MNI abundance for Phase 2, 
suggesting that mullet were important dietary resources during this occupational episode. The 
low trophic position of mullet (2.1), combined with their high relative abundance during earlier 
time periods, likely accounts for the increase in vertebrate trophic level through time, despite 
contemporaneity with decline in mean trophic level of analytical units where vertebrates and 
invertebrates were combined. Although shifts in biomass vertebrate mean trophic level are 
apparent, the degree of shift is minimal.  
 
Potential Sampling Issues and Biases 
 
Mean trophic level, diversity and equitability estimates calculated using biomass 
generally exhibit more drastic decreases through time than those calculated by MNI. Because of 
the high abundance of mollusks in the archaeofaunal assemblage, estimates based on MNI 
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possibly underrepresent the contribution of fishes to pre-Columbian subsistence practices at the 
two sites. Thus, estimates using biomass potentially reflect subsistence trends more accurately 
than those based on MNI.  
Due to differences in sample size between phases, slight shifts in mean trophic level 
between analytical units may only be products of unequal sample sizes, suggesting that observed 
changes must be evaluated by degree of shift. Although slight changes in mean trophic level are 
apparent between Phases 1-3, as shown in Tables 5.1-5.2, the downward shift seen during Phase 
4 is by far the most notable. While recovered samples of Phases 2 and 4 are both relatively large, 
those recovered from Phases 1 and 3 are smaller. Because the archaeofaunal assemblages 
associated with both Crystal River and Roberts Island are of comparable sample sizes, these 
issues are not problematic with site-level comparisons. The degree of downward shift in mean 
trophic level seen during Phase 4, and between Crystal River and Roberts Island is also 
comparable in scale to trends deemed meaningful in both archaeological (Quitmyer and Reitz 
2006; Reitz 2004; Wing and Wing 2001) and modern (Pauly et al. 1998) studies.  
 
Size Distribution of Florida Crown Conch 
 
Differences in size measurements, displayed below (Figure 5.13 and 5.14), indicate with 
near 95 percent confidence that mean crown conch size increased between Phases 1 and 4. 
Figure 5.11 shows only marginally significant difference between Phases 2-4, which may be a 
product of the natural range of variation present within the species. To better illustrate the shift in 
size during later phases, Phases 2-4 were combined in Figure 5.12. The graph depicted in Figures 
5.13 and 5.14 indicates non-overlap of error ranges at the 84 percent confidence interval, 
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suggesting that the difference observed in mean size can be assessed with high significance (p=. 
05). 
 
 
Figure 5.13. Bullet Graph Displaying Crown Conch Size Distribution by Phase.  
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Figure 5.14. Bullet Graph Displaying Crown Conch Size Distribution of Combined 
Samples. 
 
 These data indicate that mean crown conch size increased after Phase 1 and do not 
exhibit size decrease over time as a result of intensive human predation. The small Phase 1 
sample size is certainly problematic, but the non-overlap of error ranges shown above suggests 
the size increase is significant. Some (Giovas et al. 2010; Giovas et al. 2013) have suggested that 
size increases of gastropods have occurred as a result of the removal of gastropod predators by 
humans through the intensification of fishing practices. Because the harvesting of vertebrates 
was higher during Phases 1 and 2, the late size increase seen here may be a result of increased 
fishing efforts during Phase 2. Alternatively, this size increase may be related to the targeting of 
shellfish at different locations during later time periods. Larger crown conch are typically found 
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on large oyster reefs, due to the high availability of prey items. Crown conch that remain in salt 
marshes and do not travel to reefs later in life tend to be smaller. Thus, this size increase may be 
related to the targeting of large-scale oyster reefs after Phase 1. This relationship between crown 
conch size and reef targeting offers a more plausible connection than human overharvesting, due 
to the increase in reliance on oyster during later time periods.  
 These data all align to suggest vertebrate species became a less important component of 
the resource base after Phase 1, and at Roberts Island, in favor of harvesting higher quantities of 
bivalves. Because a decline in mean trophic level exists in this data set, it is possible that humans 
removed considerable numbers of vertebrate fishes from the surrounding ecosystem. The decline 
in diversity and equitability suggest intensification of shellfishing co-occurred with the decline in 
mean trophic level. The connection between crown conch size increase and reef targeting also 
further attests to the increased importance of shellfish economies during later occupations at 
Crystal River and through the majority of the Roberts Island occupation.  
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Chapter 6 
 
 
Discussion 
 
 
The results of these analyses suggest declines in mean trophic level, diversity, and 
equitability of harvested species in midden deposits both by individual phase, and more generally 
between early Crystal River (early) and Roberts Island (late) occupations. The consistency in 
these trends over time suggests that mean trophic level, diversity, and equitability are likely 
connected. Evidence revealed in this study indicates that the downward shifts associated with all 
three phenomena are strongest after Phase 3. However, mean trophic level, diversity, and 
equitability---estimated both by MNI and biomass---generally decline after Phase 2, and between 
Crystal River and Roberts Island. As a correlate, vertebrate biomass, MNI, and NISP 
substantially decline after Phase 3, while the same quantification measures correspondingly rise 
for invertebrates. 
 
Early Crystal River: Community Coalescence and the Establishment of Persistent Places 
 
  
 
 Through continuous visitation and pilgrimage, beginning around AD 100, Crystal River 
became an important and persistent place for the inhabitants of the area. The reasons for the 
initial establishment of the site are not entirely clear, but some of the earliest deposits are human 
burials, and evidence for continuous occupation early is minimal (Pluckhahn et al. 2015). Thus, 
initial visits to the site were likely tied to ritual events and mortuary ceremonies. The interment 
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of multiple burials in the same location, rather than in isolation, potentially initiates inclusion of 
previously disparate groups into larger social networks, signifying attachment to a particular 
landscape and inciting regular return (Littleton and Allen 2007; Pardoe 1988). As some have 
suggested (Sept 2001), resource availability may have contributed to settlement choice among 
prehistoric societies. However, the maintenance of ritual activity throughout the occupation at 
Crystal River suggests a possible non-secular origin for the site’s beginnings.  
 The suggestion of a ritual focus for the early history of the site is supported by various 
aspects of the faunal assemblage. Sharks and sea mammals have long been targeted for use in 
ritual contexts, and have been consistently found in ceremonial contexts at archaeological sites in 
Florida (Austin 2015), the northeastern United States (Betts et al. 2012), Mesoamerica (Chase 
and Chase 2010), coastal Peru (Altamirano-Sierra and Vargas-Nalvarte 2014), Australia 
(McNiven 2010) and Hawaii (Kirch and O’Day 2003). Modification of shark teeth through 
drilling for use as beads and for personal display is evident in certain contexts at Crystal River as 
well. Although some shark species may have been available within close proximity to the 
archaeological site, others, particularly large species such as Tiger shark (Galeocerdo cuvier) and 
Mackerel sharks (Lamniformes) (MNI of 1 and 2, respectively), both of which have only been 
identified in Phase 1 and 2 deposits, would have required forays to areas closer to the Gulf of 
Mexico. Modern studies (Evans et al. 2010) suggest salinity of the local estuary typically ranges 
from 7-9 ppt., a range insufficient for sustaining the aforementioned taxa (Bethea et al. 2009). 
Thus, the effort required to produce canoes capable of transporting groups of fisherfolk the 
nearly 4 miles to the Gulf, as well as to coordinate the labor required to capture these larger 
specimens, further attests to the ritual significance of large marine fauna during the initial stages 
of occupation at Crystal River. These early communal events associated with the acquisition of 
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ritually-charged marine fauna potentially help signify the initiation of Crystal River as place of 
communal gathering, which accompanied its growth as a place capable of shaping regional social 
and political spheres. Crystal River’s control over the distribution of whelk shells within 
Hopewellian trade networks (Blankenship 2013), despite the low natural abundance of the 
species in the surrounding estuary (Stephenson et al. 2013) and little evidence for their regular 
capture as subsistence items (Duke et al. 2014), further attests to the ability of its inhabitants to 
exert influence over regional ritual economies.  
 Despite Crystal River’s possible engagement in the collection and distribution of ritually-
charged fauna, the patterned deposition of other fauna in midden deposits suggests increased 
intensity in subsistence activity associated with both mundane and ceremonial demands during 
later time periods. As mentioned in earlier sections, the areal extent and tempo of deposition in 
Midden B serves as a proxy for harvesting intensity in this study. Although Midden B’s 
formation began during Phase 1, Phase 2 deposits were more dense both vertically and 
horizontally, suggesting the human occupation at Crystal River was likely at its height during 
Phase 2 (Pluckhahn et al. 2015). Associated with this increase in midden deposition, is the 
increase in abundance of fauna typically associated with the maintenance of higher-intensity 
harvesting demands. In this case, two taxa---oyster and mullet---overwhelmingly dominate the 
Phase 2 assemblage, and further identify Crystal River’s increasing need to acquire sustainable 
resources in larger quantities after Phase 1.  
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Revisiting the Mullet Problem 
 
 The use of mullet among pre-Columbian societies in Florida has been a point of relative 
contention within the archaeological community over the last few decades. Ethnohistoric 
accounts of the Calusa describe bountiful harvests of mullet, integral to the maintenance of daily 
life (Larson 1980; Lopez de Velasco 1894). Goggin and Sturtevant (1964) suggest that 
protohistoric Spanish accounts of large catches of mullet by the Calusa, along with descriptions 
of corresponding food scarcity during months when mullet were spawning away from local 
estuaries, indicated the considerable importance of mullet to the native peoples of southwestern 
Florida. However, zooarchaeological analyses of deposits across a range of archaeological sites 
in southwestern Florida have generally indicated the contrary, with a poor representation of 
mullet (Marquardt 2014; deFrance and Walker 2013; Quitmyer and Massaro 1999; Walker 1992; 
Widmer 1988; Wing 1965).  
 Widmer (1988:245) asserted that mullet would have been an ideal resource base to meet 
growing Calusa population demands due to their low trophic position (2.1), but relatively large 
size. Species occupying low trophic levels tend to have low population doubling time, and thus, 
are less susceptible to human overharvesting than those in higher trophic positions. Also, the 
schooling nature of mullet, in contrast to many other large, estuarine fishes, would have 
increased the likelihood of mass capture events (Widmer 1988). Widmer noted the relative lack 
of mullet remains in midden contexts at most sites in southwestern Florida, but attributed their 
poor representation to the processing of remains that either caused destruction of the animal’s 
skeleton or that encouraged the deposition of discarded material near the point of initial 
extraction.  
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 Noting similar patterns, Marquardt (2014) attributed the surprisingly low mullet 
abundance in pre-Columbian southwest Florida to taphonomic processes and problematic 
recovery methods. Although fine-screening was used to recover zooarchaeological deposits near 
Charlotte Harbor (deFrance and Walker 2013; Quitmyer and Massaro 1999; Walker 1992), 
Marquardt (2014) argues that the use of column samples may have imposed a series of analytical 
limitations that served to underestimate the importance of mullet. Zooarchaeological studies 
using column samples in some areas of northwest Florida (Mikell 2012) have also reported a 
virtual lack of presence of mullet, while others have indicated that smaller flotation samples are 
sufficient for their identification (Kimble 2012). Specifically, measures of estimating abundance 
of mullet remains typically rely either on the identification of highly fragmented cranial elements 
or on the counting of thoracic vertebrae (10 of which are required to produce a single MNI) 
(Marquardt 2014). Thus, the proper assessment of mullet remains requires a high degree of 
specificity, which the limited volume of column samples make difficult to achieve. Recent 
excavations in southwestern Florida (Marquardt 2014) and using larger mesh but over greater 
spatial expanses, have revealed higher quantities of mullet in archaeological deposits, and have 
prompted re-evaluation of the importance of mullet among pre-Columbian societies along the 
Florida Gulf.  
 The use of fine screening from all excavated deposits used in this analysis, and 
corresponding exclusion of column samples for macrofaunal identification at Crystal River and 
Roberts Island, corroborates these suspicions regarding problematic sampling methods possibly 
masking the true presence of mullet. Mullet represent 8.18 percent and 9.66 percent of the 
overall biomass of the Phase 1 and 2 trophic samples, and compose 15.4 percent and 46.3 
percent of Phase 1 and 2 vertebrate MNI, respectively (Reitz and Brown 2015). This same trend 
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is also highlighted in the aggregate Crystal River trophic sample, where mullet compose 9.56 
percent of overall biomass. Mullet biomass estimates from the trophic sample are biased due to 
the selective nature of the data set. However, mullet, in contrast to all other fishes, maintain 
notably high relative frequencies during earlier time periods, despite almost certainly being 
diluted by the magnitude of oyster abundance. These observations further highlight the 
importance of incorporating larger volume samples into zooarchaeological studies of Florida 
shell middens, and suggest that the contribution of mullet to pre-Columbian subsistence patterns 
has been underestimated in previous analyses.  
 
Beds of Plenty 
 
 The importance of shellfish to the diet of past societies has also been a focal point of 
archaeological inquiry in recent years. Some have dismissed the role of shellfish as a major 
component of dietary practices, citing that shellfish were either “low-ranking starvation food” or 
only became important “during seasons of low resource productivity” (Butler and Campbell 
2004:371). Ethnographic studies in the Pacific Northwest have long asserted that shellfish were 
primarily collected by women and children, while men more often focused on the acquisition of 
large fishes, sea mammals, and terrestrial fauna (for detailed reviews see Claasen 1998; 
Erlandson 2001; Moss 1993). However, this observed gendered division of subsistence 
procurement tasks has possibly clouded the importance of shellfish resources to past Native 
American economies (Erlandson 2001). Among the other reasons that have been cited 
disregarding the importance of shellfish to pre-Columbian dietary practices, are supposed 
inferior caloric yields, inadequate nutrient content, laborious processing demands, and possible 
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poisoning from the overconsumption of shellfish protein (Bailey 1978; Erlandson 2001; Noli and 
Avery 1988; Waselkov 1987). Some have suggested that differential preservation favoring 
molluscan remains has over-exaggerated the presence of an otherwise unsubstantial resource 
base (Butler and Campbell 2004). However, a well-developed body of knowledge has effectively 
refuted many of these claims, and posits shellfish collection and consumption as being critical to 
the maintenance of indigenous lifeways (Erlandson 1988). The results of these analyses affirm 
the importance of shellfish to many pre-Columbian societies in North America.  
 As summarized in earlier sections, oysters are the most abundant species by biomass in 
the faunal assemblage from Crystal River and Roberts Island. The biomass for this species is also 
greater than that of any terrestrial taxon. The pattern holds for all temporal contexts examined. 
Large terrestrial mammals, including whitetail deer (10,669.0 g) (Brown and Reitz 2015), 
compose a significant portion of overall biomass at Crystal River, but oyster (19,643.9 g) alone 
still markedly overshadow their contribution to the sample.  
The disparity between oyster and virtually all other taxa becomes even more extreme 
with the later occupation at Roberts Island. Oyster (89.76 percent) and marsh clam (2.57 percent) 
illustrate the growing importance of shellfish economies late in the area’s prehistoric occupation. 
Other than these, mullet (1.72 percent) and hardhead catfish (1.19 percent) are the only 
vertebrates that compose notable portions of biomass of the trophic sample at Roberts Island. 
However, to obtain a better understanding of the contributions of other taxa, a more thorough 
examination of the contribution of large terrestrial vertebrates and marine mammals will require 
larger samples.  
 Thus far, I have focused on the importance of shellfish in long-term subsistence patterns, 
but it is also important to consider the targeting of these resources for short-term demands 
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associated with the economics of ritual and monumentality. Recent season-of-collection data 
from Crystal River and Roberts Island have indicated that oysters from midden deposits were 
collected year-round, while those from mounds were mainly collected during cooler months of 
the year, likely in association with specific social and ceremonial events. Thus, the construction 
of monuments at Crystal River appears to be linked with short-term and sporadic resource 
demands, rather than mundane subsistence deposits. An exception to the overall pattern was 
noted in oysters in Mound A, which showed greater range of season of collection perhaps due to 
the repurposing of previously deposited midden as construction material. This repurposing 
further demonstrates the need for shell to meet immediate construction demands (Thompson et 
al. 2015). This pattern has also been recognized in areas farther south, where the materialization 
of monumental undertakings has been linked to the redeposition of mined shell deposits 
(Schober 2014).  
 Oysters were probably consistently available and easy to procure in the local estuary. 
They were not only a convenient building material, but also a ready foodstuff to meet short-term, 
but intensive feasting demands. These qualities potentially solidified oysters as an entity capable 
of bridging the gap between ritual and subsistence needs. Through this process, referred to by 
Wallis and Randall (2014:8) as the “materiality of ritualization,” oysters may have been imbued 
with ritual significance. This significance may be evidenced not only in mound construction, but 
also in the expansion of Midden B during Phase 2 to form a ridge of more imposing size.  
 This targeting of specific resource bases for immediate ritual events may help dispel the 
notion that shellfish collection was restricted to women, children, the elderly---those supposedly 
incapable of engaging in more arduous forms of subsistence. Such assumptions are problematic 
due to the fact that they are based on a limited number of observations of recent societies, and 
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impose unverified restrictions on the abilities of certain members of society. The aforementioned 
short-term demands for the collection of massive quantities of bivalves for feasting activities and 
monumental construction must have required the labor of a broader demographic than suggested 
by ethnohistoric accounts. Daily subsistence activities may have retained gendered components, 
but the shifting roles of individuals and social groups in times of ritual coalescence merits future 
investigation. Because shellfish become even more important during the occupation of Roberts 
Island, the tasks of groups and individuals may have also shifted to accompany changing 
subsistence economies.  
 Regardless, the highly productive oyster beds would have been better able to sustain 
these demands than virtually any other available resources. Perhaps the only resource that could 
come close to enduring the same level of predation by people is mullet. Mullet seem to have 
supplemented oysters in the demand for feasting (if not construction material), and like oysters 
were probably integral to the economies of both short term feasting and daily subsistence.  
 Notwithstanding the apparent resilience of oysters and mullet, the intensity of the ritual 
economy at Crystal River must have increased the risk of overharvesting relative to communities 
that were faced solely with satisfying subsistence demands. This phenomenon may be further 
verified through the decline in mean trophic level, diversity, and equitability seen in later 
deposits at Roberts Island, as discussed below. 
 
Assessing the Role of Intentionality and Decision-Making with Regard to Resource Acquisition 
 
 Until recently, archaeologists have devoted relatively little attention to the degree to 
which pre-Columbian resource bases may have been stressed by anthropogenic pressures, as well 
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as the extent to which individuals or social collectives may have managed these resources. To 
assess these for Crystal River and Roberts Island, I begin by discussing stress indicators.  
 Researchers have emphasized that intensification is directly reflected by “increased 
specialized resource use,” or the targeting of fewer taxa (Butler and Campbell 2004: 337). This 
should be directly correlated with decreasing diversity of harvested species, as indicated by 
measures such as the Shannon-Weaver index. Declining diversity is sometimes associated with 
the less frequent targeting of food items that may have been preferred, in favor of those capable 
of more sustainably meeting harvesting demands (Pauly et al. 1998; see Reitz 2014 for 
comprehensive discussion). Applied to fisheries, declines in mean trophic level through time 
frequently equate to heavier reliance on smaller fishes and invertebrates, as larger animals are 
removed from the subsistence base due to overharvesting (Pauly et al. 1998). Thus, it would be 
expected that stress at Crystal River and Roberts Island would be reflected by a decline in mean 
trophic level. The correlation between declining diversity and equitability, and resource stress 
remains dubious. While it could be expected that less vertebrate species would be available after 
years of overharvesting, zooarchaeological deposits do not reflect actual shifts in ecological 
diversity that could have stemmed from resource depression. Instead, they only represent the 
harvesting practices of humans, which are mediated by a variety of environmental, social, and 
economic factors. It has also been suggested that diversity and equitability would both increase 
during times items with high subsistence value are no longer available due to exploitation (Byrd 
1997; Kennett 2005). However, diversity and equitability do help identify the intensity of which 
a given set of resources were being harvested. Because declines in diversity and equitability 
temporally coincide with the decline in mean trophic level, they may be related in this 
circumstance.    
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 This trend of overharvesting sharks, rays, and other secondary and tertiary consumers is 
corroborated by decline in mean trophic level, and intensification is identified through decline in 
diversity and equitability exhibited across the temporal contexts associated with this study. The 
high mean trophic level, diversity and equitability seen during Phases 1 and 2, and more 
generally at Crystal River, in comparison with later Phases at Roberts Island, indicates the 
increasing reliance on fewer resources through time. This is a direct sign of intensification and a 
possible indication of resource stress in the local area.  
 Intensification of midden deposition increases notably after Phase 1, when the 
corresponding declines in analytical measures used in this study are strongest. Clearly, a wider 
array of possibly preferable resources were exploited during earlier time periods, as both 
diversity and equitability of earlier deposits are higher, and species that require a significant 
amount of effort to harvest---primarily sharks and rays---are only evident from Phase 1 and 2 
contexts. The decrease in harvesting of potentially desired species is further corroborated by the 
contemporaneity between the dwindling density of pointed bone tools that I suspect were used 
for spearing rays. It may be also be evidenced by the increase in abundance of shell hammers, 
which may have been used for shellfish processing (Menz 2012).  
 The disappearance of quahog clam, a potentially desirable, large mollusk, from contexts 
post-dating the Crystal River sample also suggests potential overharvesting of this species during 
the early stages of the occupation. Hard clam suffer from very low recruitment rates, making 
them highly susceptible to rapid population depletion (Kraeuter et al. 2005; Peterson 2002). 
Studies of modern hard clam fisheries suggest that intensive anthropogenic overharvesting has 
caused near extinctions of local populations in as little as 18 years (Peterson 2002). Given the 
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time depth and harvesting intensity of Phase 2, it is certainly plausible that intensive pre-
Columbian collection practices may have caused the local extinction of hard clam.  
 In short, these data suggest that people at Crystal River and Roberts Island made choices 
to refine their collection strategies over time, focusing primarily on shellfish and mullet. An early 
focus on vertebrates may have also impacted the resource base. During times of lighter 
occupation at Crystal River, stress on local resources would have been minimal. However, as 
population increased, people chose to forego harvesting a more diverse array of species, and 
instead to focus extraction efforts on a small number of taxa that were highly resistant to 
intensive predation by humans, and that were amenable to large catches. It is not unreasonable to 
assume that Native Americans in the area understood that these resources would rebound from 
the intensive harvesting necessary to fulfill both ritual and subsistence demands, and targeted 
these resources accordingly. Assuming this was the case, the knowledge of the capabilities of the 
resource base may have played a role in larger social processes, such as the decision to aggregate 
in to a large community, as well as to host ceremonies of the scale seen in ritual deposits at 
Crystal River and Roberts Island. This highlights the roles of decision-making, ritual, and 
resource use in the establishment of persistent places. These observations elucidate how Native 
American systems of knowledge and potential food preferences guided resource acquisition 
practices, and possibly transformed past ecosystems.  
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Contextualizing Environment in the Mid-Holocene Crystal River Estuarine System: Implications 
for Human Impacts 
 
 Archaeologists have cited reconstructions of past environments, especially global 
warming and cooling events, to understand the movements of precontact Native Americans in 
southwestern Florida (Marquardt 2014; Walker 2013; Walker and Surge 2006; Wang et al. 
2011). Although Milanich (1999:20) posited the local estuary at Crystal River as being especially 
productive, and thus giving the inhabitants of the area a potential economic advantage over 
neighboring communities and regions, research to the south indicates that constant 
environmental fluctuations throughout the Holocene produced significant resource heterogeneity 
and unpredictability (Marquardt 2014), and we can say that the same was true of the landscape at 
Crystal River. Indeed, molluscan biodiversity of the estuary surrounding Crystal River, as 
reflected by zooarchaeological analyses of midden deposits (Duke et al. 2014), is low in 
comparison with southwest Florida (deFrance and Walker 2013). Environmental fluctuations 
would have almost certainly led to unsteady abundance of many saline-sensitive species in the 
area. This observation is potentially supported by the decrease in large, saline-sensitive 
gastropods in midden deposits after Phase 2 (Duke et al. 2014) 
 Three main paleoenvironmental events that would have affected ecological conditions in 
the area are the Roman Warm Period (300 BC-AD 550), the Vandal Minimum (AD 550-800), 
and the Medieval Warm Period (850-1200) (Walker and Surge 2006; Wang et al. 2011). 
Although short-term fluctuations have been identified within both events, the Roman Warm 
Period is generally characterized by warming, relatively high sea level, and increased salinity. 
Conversely, the Vandal Minimum is characterized by cooler temperatures, lowered sea level, and 
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lowered salinity. Phases 1 and 2 at Crystal River roughly correlate with the Roman Warm 
Period; if we can extrapolate from global trends, this would suggest that animal resources, 
especially fish (Marquardt 2014), would have been most abundant during these intervals. Phase 
3, which includes the waning of settlement at Crystal River and the onset of occupation at 
Roberts Island, roughly corresponds with the Vandal Minimum. Again, inasmuch as we can 
extrapolate local conditions from global climate trends, these phases would seem to have 
presented more challenging ecological conditions, as certain resources that were formerly 
heavily exploited became scarcer. The Medieval Warm Period intersects with the tail-end of the 
Roberts Island occupation. This event would have been accompanied by increased sea level, 
higher species diversity, and increased salinity in the area. Higher sea level would have affected 
the habitability of Roberts Island, as areas previously inhabited during the Vandal Minimum may 
have become inundated (Walker and Surge 2006; Wang et al. 2011).  
 In some cases the broad trends in global sea level seem to correspond closely with 
changes we observe at Crystal River and Roberts Island. Although the reasons for the initial 
settlement of Roberts Island are not clear, the presumed lowering of sea-level during Phase 3 that 
accompanied the Vandal Minimum would have made the Island and surrounding marsh islands 
more attractive for human occupation. It is possible that sea-level rise during the Medieval Warm 
Period contributed to the abandonment of Roberts Island. Warm temperatures and higher sea 
level may have cause flooding of these areas. With the rise of sea level we have already observed 
in the modern era, many of these islands are inundated at high tide.  
However, global environmental trends do not always neatly intersect with the phases of 
occupation at the two sites. Although the Phase 3 assemblage indicates declines in mean trophic 
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level, diversity, and equitability---as might be expected with the onset of the Vandal Minimum--- 
the strongest declines are evident in Phase 4 and the onset of the Medieval Warm Period.  
 Even where there is an apparent correlation between climate change and local shifts in 
settlement and subsistence, the picture may be more complicated than simple cause and effect. I 
mentioned above the correspondence between the settlement from Crystal River to Roberts 
Island and the onset of lowered sea levels in Phase 3 associated with the Vandal Minimum. Yet it 
seems a stretch to attribute this movement entirely to any potential increased travel time that 
might have been required to collect shellfish as sea level lowered and oyster beds presumably 
moved farther out. It is true that majority of modern oyster beds in the area are located in high-
salinity environments near the Gulf of Mexico (Evans et al. 2010). It is also true that shellfish 
harvesting intensified during later phases. However, Roberts Island is only located a short 
distance downstream from Crystal River (approximately 0.6 miles); the time that would have 
been saved in harvesting oysters from beds near the Gulf would be minimal. However, the 
choice to move closer to the Gulf of Mexico may have been important if oysters were intensively 
harvested during brief episodes.  
My analysis of crown conch size suggests that the intensification of shellfish harvesting 
began earlier than the onset of the Vandal Minimum, and was part of a longer term and more 
general shift in subsistence practices. Size among crown conch has shown to be strongly 
correlated with food availability in the surrounding environment (Woodbury 1986; Bowling 
1994). Crown conch commonly migrate out of the salt marsh to oyster beds to feed later in life. 
Specimens that occupy oyster beds tend to be much larger on average than those living in the 
adjacent salt marsh, due to the widespread availability of oysters as a feeding source. Smaller 
individuals that remain in the salt marsh throughout development or life span are thought to prey 
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typically on various species of mussel (Bowling 1994). Therefore, it can be assumed that oyster 
bioherm health and gastropod size at Crystal River are likely strongly correlated. The increase in 
crown conch size observed between Phases 1 and 2, which continued into Phase 4, may be a 
result of targeted fishing on oyster reefs during later time periods. The size trend seen in the 
Phase 1 assemblage may be a product of more generalized collection practices. These results are 
further verified by the high mean trophic level, diversity, and equitability evident in Phase 1, 
suggesting broader array of resources were harvested early, with intensification in shellfish 
collection coming later. This immense demand for shell resources after Phase 1 would have 
likely been most easily met by targeting large bioherms, rather than smaller beds located closer 
to the site.  
 Crown conch growth and development are also susceptible to cool temperatures, with 
high mortality rates being associated with such environmental fluctuations (Masterson 2008). As 
discussed above, winters during the Vandal Minimum have been shown to be significantly cooler 
than those of the Roman Warm Period (Wang et al. 2011). If the shift in size of midden 
specimens revealed in this study is strongly correlated with environmental shifts, it would be 
expected that size would steadily decrease through time, but the inverse is indicated by these 
measurement data.  
 It is certainly plausible then, that this size increase at Crystal River and Roberts Island is 
more strongly correlated with selective harvesting of specimens living near oyster reefs during 
later periods. The prevalence of oyster is strong throughout all four phases, suggesting that 
healthy bioherms near the Gulf of Mexico were likely available for harvest for the duration of the 
prehistoric occupation in the immediate area, despite cooler temperatures that prevailed during 
Phases 3 and 4, and long-term, intensive collection by humans. Although the distance to these 
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outer reefs acquired by the shift to Roberts Island appears to have been minimal, this shift may 
have been enough to make the harvesting of oysters on reefs easier. The high resiliency of most 
bivalves to environmental fluctuation may have further encouraged people to intensify their 
collection as food items at Roberts Island.  
 Although Marquardt (2014) identified these environmental trends as primary reasons for 
the abandonment and resettlement of areas in southwestern Florida, as mentioned above, the 
temporal intersection of these events with the human dispersal to Roberts Island is not clear 
enough to associate human mobility in the area with environmental causation. Because the 
primary changes in subsistence identified in this study are associated with long-term, systematic 
decline, rather than a series of rises and declines that would follow meandering environmental 
trends, these patterns suggest that human agency may have contributed substantially to resource 
extraction patterns. However, finer paleoenvironmental resolution should be undertaken in future 
studies of the area to better delineate such issues.  
 The importance of Crystal River within regional social and political networks may have 
led to the persistence of human presence in the area despite changing environmental conditions. 
Due to Crystal River’s integral role in ceremonial performance, ritual economy, and extralocal 
trade, the landscape at Crystal River was likely imbued with symbolic characteristics, and was 
therefore actively maintained despite growing ecological pressure. The networks of social 
relationships, power, and interdependence that grew from interactions that developed in the area 
could have also mitigated risks that other contemporaneous settlements on the Florida Gulf were 
facing at the time. As a result, the movements of people and communities in the area may have 
been less environmentally-mediated than those of other coastal settlements.  
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 These data and observations highlight the role of human decision-making in the resource 
management associated with pre-Columbian harvesting practices. The possible choice to shift 
towards a diet that favored shellfish and small fishes during later time periods may have been an 
attempt to manage anthropogenic demands on local ecosystems. Campbell and Butler (2010:13) 
suggest that resource management is associated with 1) access to resources that can be 
controlled; 2) the presence of resilient resources that are likely to respond to management; and 3) 
small human group size with a stable membership that allows for effective monitoring. The first 
two of these criteria are identified in midden contexts at Crystal River and Roberts Island with 
the switch to harvesting oysters and mullet during later time periods. Shellfish beds are both 
stationary and highly productive, and mullet are subject to mass capture events. Thus, the ability 
to control resources would have been higher with the shift to focus on these resources. Due to 
their life histories and ecologies, both mullet and oyster respond to harvesting pressure much 
better than other combinations of fish and shellfish that would have been available. Because 
oyster and mullet are likely best acquired through group efforts (Reitz 2014), group-oriented 
harvesting events could have steadily encouraged ecological monitoring. The last criterion for 
resource management is more directly met with the dispersal of human occupation in the area 
after Phase 3, which is when the settlement of Roberts Island began. Activity in midden contexts 
from both sites during the same time periods suggests that human occupation in the area became 
less centered on Crystal River, as aggregate populations became more fragmented (Pluckhahn et 
al. 2015). This dispersal would have kept group sizes small. Further, the approximately 800 year-
long occupation of the general area indicates some level of continuity and group stability that 
could have facilitated the development of ecological monitoring. This combination of humans 
choosing to focus harvesting efforts on a distinct set of resources that were amenable to control, 
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and the late community dispersal that encouraged the proliferation of smaller social groups, 
reaffirms that social collectives possibly consciously managed ecosystems. These patterns also 
likely reflect changing social or ecological conditions that encouraged intensification. The lack 
of evidence for environmental effect on the longevity of occupation, human mobility, or resource 
harvesting, also suggests that the human relationship with the natural environment within these 
temporal contexts were not as deterministic or reactionary as previously thought.  
 
Potential for Applied Research 
 
 As modern fisheries have experienced collapse due to anthropogenic overharvesting 
during the last century, a wide array of research has focused on establishing restorative baselines 
to envision supposedly “pristine” ecosystems. However, the degree of pre-Columbian ecosystem 
alteration, and subsequent temporal depth necessary to establish such baselines has been poorly 
understood by many researchers that work with temporally-constrained data sets (Erlandson and 
Rick 2010; Jackson et al. 2001; Kirby et al. 2005; Lyman 1996; Lyman and Cannon 2004; 
Marquardt and Crumley 1987; Pauly et al. 1998; Peacock et al. 2012; Reitz; 2004; Wing and 
Wing 2001). As a result, many restorative efforts have failed. In response, interdisciplinary 
collaboration, including research that focuses on archaeological data sets, has been on the rise.  
 One of the greatest impediments to better understanding ecosystem characteristics that 
existed before human impact is the issue of shifting baselines. This problem occurs when new 
generations of marine scientists reestablish perceptions of what a pristine ecosystem might have 
looked like based on changes that have occurred within their own lifetime or careers (Erlandson 
and Rick 2010; Pauly 1995; Pinnegar and Engelhard 2008). Not only have ecosystems changed 
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drastically within the lifetimes of modern humans, but they have changed significantly over the 
last 10,000 years due to anthropogenic impacts. Pinnegar and Engelhard (2008:1-2) further 
demonstrate the problem in suggesting that the result of this “shifting baseline syndrome” is “a 
gradual shift of the baseline perception, a gradual accommodation of the creeping disappearance 
of resource species, and inappropriate reference points for evaluating economic losses, or for 
identifying targets for rehabilitation measures.” Data sets from archaeological shell middens, due 
to their ability to provide both deep temporal perspective and exhaustive information on past 
human-environment interactions, serve as ideal resources for addressing the aforementioned 
issues. 
 As an example of how baselines may shift, we can consider the evidence for human 
impacts on the resource base in the data from Crystal River and Roberts Island. As mentioned in 
earlier sections, certain species are more susceptible to effects from anthropogenic 
overharvesting than others. Although many bivalves species recovered from midden deposits are 
highly resilient to human impacts, potential effects of overharvesting on some taxa are evident 
within this data set. Unlike smaller teleost fishes and bivalves that largely reproduce through 
larval development, sharks and rays follow a K-selected life history trajectory. K-strategies are 
characterized by longer periods of time to reach sexual maturity, long life spans, and low rates of 
reproduction (Stevens et al. 2000:476). Organisms that follow such trajectories are slow to 
recover from targeted fishing efforts, and as a correlate, are highly susceptible to the effects of 
overfishing.  
 The disappearance of rays in contexts post-dating the Crystal River sample, suggests 
potential impacts on trophic ecology as early as AD 600. Declines in abundance of ray species 
has been verified in previous studies as a direct impact of overfishing (Russ 1991; Stevens et al. 
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2000). Although the samples used in this study do not indicate rays were consumed as regularly 
as shellfish, their complete lack of presence at Roberts Island merits consideration of human 
impact. The temporal decline in abundance of tools likely used for their procurement further 
suggests the decline in ray abundance being may be related to human activity. The potential use 
of bone-point tools as composite hooks to harvest bottom-dwelling species, including rays and 
flounder, has been suggested by previous research (Stewart 1977; Walker 2000). Ongoing 
research by Lori O’Neal suggests these bone-points may have functioned more specifically as 
composite, harpoon-like spears as well, which would have been ideal for the acquisition of rays. 
Overharvesting may be indicated by the simultaneous disappearance of rays and bone-point 
artifacts. This observation is further compounded by the strong selection for gastropod hammers 
at Roberts Island that were likely used for shellfish processing. This transition in the tool 
assemblage further corroborates a dependence on invertebrate fishing practices late in the area’s 
occupation.  
 Although pre-Columbian fishing efforts were small in comparison to the modern global 
fishing economy, the intensive harvesting of rays in a localized setting may have caused a 
shifting trophic baseline in the immediate vicinity of the two sites, and would have contributed to 
the observed decline in mean trophic level. Because “low-level artisanal fishing” in isolated 
ecosystems has been shown to cause local extinctions of species with low resiliency (Pinnegar 
and Engelhard 2008:1), it is plausible that the scale of intensity of ray harvesting at Crystal River 
could have caused their removal from the local ecosystem for an extended period of time. 
The absence of hard clam in Roberts Island midden deposits may also highlight 
anthropogenic overharvesting and shifting baselines. Hard clam suffer from very low recruitment 
rates and maintain a longer lifespan than most other bivalves, making them highly susceptible to 
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rapid population depletion (Peterson 2002; Kraeuter et al. 2005). Studies of modern hard clam 
fisheries suggest that intensive anthropogenic overharvesting has caused near extinctions of local 
populations in as little as 18 years (Peterson 2002). Hard clam would have likely been highly 
desired for collection, as they are large in comparison with most bivalves, and were used as 
tools. Due to the issues associated with low recruitment and life span mentioned above, hard 
clam would have poorly recovered from intensive human predation. Given the time depth and 
harvesting intensity of Phase 2, it is certainly plausible that local populations were adversely 
impacted by past human collection, and that their disappearance from late midden contexts and 
relative scarcity today is a result of this phenomenon. 
Both of these species-specific declines in abundance were likely part of a broader set of 
human impacts that are empirically demonstrated through the decline in mean trophic level seen 
between Crystal River and Roberts Island. Although impacts on the species discussed in this 
chapter are clearer than others, declines in the three main analytical measures used in this study 
demonstrate the larger trend suggesting that fewer numbers of species were exploited through 
time. This trend was likely a product of complete removal of a broad range of vulnerable 
vertebrates and invertebrates, and possibly a result of institutionalized management strategies 
that were implemented to sustain growing demands on scarce resources. However, shifting food 
preferences and environmental variation also probably contributed to this trend.  
The broader implications of this research are with regard to shifting baselines. These data 
have the potential to alert modern ecosystems management agencies to the presence of baselines 
that have been altered for millennia. Because species abundance and trophic ecology were 
altered by human activity that occurred long before modern restorative efforts were in place, it 
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would be wise that ecosystems management agencies consult these data when attempting to 
implement restorative programs.
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Chapter 7 
 
 
Conclusion and Directions for Future Research 
 
 
Conclusion 
 
 This study identified a degree of anthropogenic alteration to the landscape surrounding 
the Crystal River and Roberts Island archaeological sites that had been previously unknown. The 
temporally-associated declines in mean trophic level, diversity, and equitability described in 
previous chapters indicate that people in the area increasingly relied on invertebrates during later 
time periods, possibly as larger fishes and other estuarine vertebrates became scarce, partly as a 
result of human predation. However, changing food preferences and environmental fluctuations 
may have also contributed to this trend. Also, the shift to intensive shellfish harvesting probably 
reflects more than the increasing scarcity of other resources. It was likely a strategic response to 
a series of demands: to maintain reliable subsistence networks for growing populations; to 
provide large quantities of food for ritual events and ceremonies in shorter-term cycles; and to 
provide material for the construction of monumental architecture. These demands prompted a 
decision-making process that focused on the intensive collection of bivalves, particularly oyster.  
 These results align well with a growing consensus among archaeologists working in 
Florida that pre-Columbian inhabitants of the peninsula were active manipulators of local 
environments, rather than passive onlookers (Wallis and Randall 2014). The role of human 
agency in resource collection strategies has often been dismissed in favor of external 
environmental conditions; this study attests to the importance of human decision making in the 
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shaping of human-environment interactions. This study also highlights the relationship between 
resource acquisition and the establishment and maintenance of communities.  
 
Limitations of this Study 
 
 Finer paleoenvironmental resolution would have afforded this study the ability to discern 
the effect of environmental variation on the resource base better. The reconstruction of past 
environments has provided areas in southwest Florida with detailed accounts of how 
environmental fluctuations may have affected human mobility and patterns of resource 
acquisition. While it does seem likely that broader environmental trends did not affect these 
phenomena at Crystal River and Roberts Island to the extent suggested in areas farther south, 
detailed, estuarine-specific environmental reconstructions could provide future 
zooarchaeological studies in the area with a more holistic assessment of past human-environment 
interactions. The analysis of paleobotanical remains from associated contexts would also better 
aid in the identification of the characteristics of daily subsistence and feasting events.  
 Differential sample sizes limited the degree of inference that could be made between 
phases to an extent. The archaeofaunal assemblages associated with Phases 1 and 3 were small in 
comparison with those of Phases 2 and 4. Thus, all comparisons made between phases are 
somewhat problematic. As a result, only aggregate Crystal River and Roberts Island samples 
could be considered as representative of their respective midden contexts. Future studies of 
individual phases, focusing on acquiring larger Phase 1 and 3 samples, could add a higher degree 
of specificity to the issues addressed in this study.  
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Directions for Future Research 
 
 Studies of zooarchaeological assemblages are better interpreted using a wide variety of 
data. An in-depth, cohesive analysis including zooarchaeological data, tool use and production, 
paleobotanical data, and reconstruction of paleoenvironmental trends should be undertaken in the 
future to better delineate the issues addressed in this thesis, as well as other similar research 
problems at Crystal River and Roberts Island. By cross-referencing these types of data, changes 
in resource acquisition strategies can be better understood. Focusing on potential change in fish 
size through time and a consideration of terrestrial resources could further delineate harvesting 
impacts.  
 A broader, regional focus on these types of archaeological problems could also provide 
the perspective necessary to inform how such phenomena may be represented materially along 
the Gulf Coast, and how interactions between communities and regional polities shaped pre-
Columbian harvesting practices. Although diversity and equitability of archaeofaunal deposits 
have comprised components of previous analyses of other Woodland-period sites along the 
Florida Gulf, few have used field recovery methods similar to that of this project, which was 
clearly important in interpreting this assemblage. The potential for decline in mean trophic level 
as a measure of anthropogenic overharvesting has also seldom been used as an analytical tool in 
other zooarchaeological studies from sites on the Florida Gulf. The combination of these three 
analytical measures to elucidate similar issues was clearly beneficial in this study, and should be 
considered in future research on coastal pre-Columbian societies in the Southeast and elsewhere.  
 As the archaeology of isolated events and the construction of shell landscapes by way of 
human intentions becomes increasingly realized, the types of analyses and data that are sought 
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must change. Extensive dating of the stratigraphic sequence within shell monuments will help 
determine the rate of deposition and temporal expanse between initial construction phases, and 
fully completed structures. Intentions and planning of construction episodes and associated 
feasting events can be better delineated by using isotopic evidence to assess the timing of shell 
deposits, along with their alignment with particular cosmological or ritual events. Important, yet 
poorly understood aspects of shell monumentality are the characteristics of collection strategies 
used for construction episodes. Zooarchaeological data have seldom been used to identify the 
species that may have been targeted for the erection of shell monuments, despite the potential for 
stark differences to be seen between the faunal assemblages of sporadic collection episodes and 
mundane subsistence deposits.  
 Interdisciplinary collaboration could use these types of studies to greatly enhance 
ecosystem restoration efforts. Although human impacts on pre-Columbian ecosystems have been 
recently identified, zooarchaeological studies have seldom been incorporated into conservation 
programs. The use of these data as part of a large-scale, diachronic effort to incorporate various 
stages of pre-Columbian, historic, and modern human occupations within the estuarine 
ecosystem surrounding Crystal River and Roberts Island into a research design, could ameliorate 
the problematic shifting baseline syndrome that has repeatedly plagued ecosystems management 
agencies. Through these efforts, the true extent of Native American landscape modification can 
be realized, and conservation efforts can enjoy higher rates of success. 
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